SEMICONDUCTOR DEVICE 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a semiconductor device whose 
active region is formed from a semiconductor film constituted of 
a mass of crystals with various orientations (the film hereinafter 
is referred to as crystalline semiconductor film) . Typical example 
of the crystalline semiconductor film is a polycrystalline silicon 
film. Specifically, the invention relates to a thin film transistor 
or a semiconductor device that has a circuit composed of the thin 
film transistor. The term semiconductor device herein refers to 
a device in general which utilizes semiconductor characteristics 
to function, and semiconductor integrated circuits , electro-optical 
devices and electronic equipment fall within this category. 

2 . Description of the Related Art 

A technique has been developed to manufacture a thin film 
transistor (hereinafter referred to as TFT) from a crystalline 
semiconductor film with a thickness of several nm to several hundreds 
nm. TFTs are now established as practical switching elements for 
liquid crystal display devices , which has brought the recent success 
in forming a semiconductor integrated circuit on a glass substrate. 

Silicon is a material of the crystalline semiconductor film 
that is suitable for a TFT. Used as this crystalline semiconductor 
film is a silicon film having a crystal structure (hereinafter 



referred to as crystalline silicon film) . The crystalline silicon 
film is obtained by forming an amorphous silicon film on a glass 
or quarts substrate through deposition by plasma CVD or reduced 
pressure CVD and crystallizing the amorphous silicon film through 
heat treatment or laser light irradiation (will be called laser 
treatment in this specification). 

When heat treatment is chosen, the amorphous silicon film 
has to be heated at a temperature of 600°C or higher for 10 hours 
or longer to crystallize. Considering the productivity in 
manufacturing TFTs , it is difficult to say the method with the 
treatment temperature this high and the treatment time this long 
is a proper method. Taking a liquid crystal display device as an 
example of a product to which the TFTs are applied, a large-sized 
heat treatment furnace is required in order to accommodate the 
substrate as its surface area becomes larger . This not only increases 
energy consumption in manufacturing process but also makes it 
difficult to obtain uniform crystals over the large surface area. 
On the other hand, when laser treatment is chosen, obtaining crystals 
of uniform quality is still difficult because the output of a laser 
oscillator is not stable . The diversity in quality between crystals 
results in fluctuation in characteristic between TFTs, which in 
turn causes lowering of display quality of the liquid crystal display 
device or a display device whose pixel portion is composed of light 
emitting elements. 

Another technique has been disclosed in which a metal element 
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for promoting crystallization of silicon is introduced in an 
amorphous silicon film so that a crystalline silicon film is formed 
by heat treatment at a temperature lower than in the conventional 
heat treatment . For example , Japanese Patent Application Laid-open 
Nos. Hei 7-130652 and Hei 8-78329 show that a crystalline silicon 
film can be obtained by introducing a metal element such as nickel 

into an amorphous silicon film and heating the film at 550°C for 
four hours. 

However, a TFT manufactured by using the thus formed 
crystalline silicon film is still inferior in characteristics to 
a MOS transistor comprised of a single crystal silicon substrate. 
If a semiconductor film with a thickness of several nm to several 
hundreds nm is subjected to crystallization process on a material 
different from the film, such as glass or quartz, only a 
polycrystalline structure composed of masses of plural crystal 
grains is obtained. In the polycrystalline structure, carriers are 
trapped by an infinite number of defects found in crystal grains 
and in grain boundaries to limit the performance of the TFT. 

In the crystalline silicon film formed by the above method 
of prior art, crystal orientation planes are arranged at random 
and the orientation ratio of a specific crystal orientation is low. 
The crystalline silicon film obtained by heat treatment or laser 
treatment has plural crystal grains deposited and tends to orient 
in { 1 1 1 } orientation , although the ratio of that part that is oriented 
to the {111} plane to the entire film does not exceed 20%. 
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When the orientation ratio is low, it is nearly impossible 
to keep the continuity of lattice in the grain boundaries where 
crystals of different orientations meet, and hence many dangling 
bonds will presumably be generated. The dangling bonds generated 
in the grain boundaries work as trap centers for carriers (electrons 
and holes) to degrade the carrier transportation characteristic. 
To elaborate, carriers are scattered or trapped in such film and 
the crystalline semiconductor film with scattered or trapped 
carriers is not expected to turn into a TFT that is high in field 
effect mobility. Furthermore, grain boundaries are arranged at 
random, meaning that a channel formation region cannot be formed 
from crystal grains of a specific crystal orientation. This can 
cause fluctuation in electric characteristics of TFTs. 

SUMMARY OF THE INVENTION 

The present invention has been made to solve the above 
problems and an object of the present invention is to improve the 
orientation of a crystalline semiconductor film obtained by 
crystallizing an amorphous semiconductor film and to provide a TFT 
formed from the crystalline semiconductor film. 

In order to solve the above problems , according to a structure 
of the present invention, there is provided a semiconductor device 
having a thin film transistor formed of a crystalline semiconductor 
film that contains silicon as its main ingredient and germanium, 
characterized in that: 
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the crystalline semiconductor film has a channel formation 
region and an impurity region that is doped with an impurity of 
one type of conductivity; 

20% or more of the channel formation region is the {101} 
lattice plane that forms an angle of equal to or less than 10 degree 
with respect to the surface of the crystalline semiconductor film, 
the plane being detected by an electron backscatter diffraction 
pattern method; 

3% or less of the channel formation region is the { 001 } lattice 
plane that forms an angle of equal to or less than 10 degree with 
respect to the surface of the crystalline semiconductor film; 

5% or less of the channel formation region is the {111} lattice 
plane that forms an angle of equal to or less than 10 degree with 
respect to the surface of the crystalline semiconductor film; and 

secondary ion mass spectroscopy is conducted on the channel 
formation region to reveal that the region contains less than 5 
x 10 18 nitrogen atoms per cm 3 , less than 5 x 10 18 carbon atoms per 
cm 3 , and less than 1 x 10 19 oxygen atoms per cm 3 . 

Further, according to another structure of the present 
invention, there is provided a semiconductor device having a thin 
film transistor formed by doping an amorphous semiconductor film 
with a metal element and by subjecting it to heat treatment and 
laser treatment , the amorphous semiconductor film containing silicon 
as its main ingredient and germanium, characterized in that: 

the crystalline semiconductor film has a channel formation 
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region and an impurity region that is doped with an impurity of 
one type of conductivity; 

20% or more of the channel formation region is the {101} 
lattice plane that forms an angle of equal to or less than 10 degree 
with respect to the surface of the crystalline semiconductor film, 
the plane being detected by an electron backscatter diffraction 
pattern method; 

3% or less of the channel formation region is the {001} lattice 
plane that forms an angle of equal to or less than 10 degree with 
respect to the surface of the crystalline semiconductor film; 

5% or less of the channel formation region is the {111} lattice 
plane that forms an angle of equal to or less than 10 degree with 
respect to the surface of the crystalline semiconductor film; and 

secondary ion mass spectroscopy is conducted on the channel 
formation region to reveal that the region contains less than 5 
x 10 18 nitrogen atoms per cm 3 , less than 5 x 10 18 carbon atoms per 
cm 3 , and less than 1 x 10 19 oxygen atoms per cm 3 . 

Further, according to still another structure of the present 
invention, there is provided a semiconductor device whose pixel 
portion and driver circuit are formed on the same insulator, 
characterized in that: 

thin film transistors in the pixel portion and in the driver 
circuit are all n-channel transistors; 

each of the thin film transistors has a channel formation 
region formed of a crystalline semiconductor film that contains 
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silicon as its main ingredient and germanium; 

20% or more of the crystalline semiconductor film is the 
{101} lattice plane that forms an angle of equal to or less than 
10 degree with respect to the surface of the crystalline semiconductor 
film , the plane being detected by an electron backscatter diffraction 
pattern method; 

3% or less of the crystalline semiconductor film is the { 001 } 
lattice plane that forms an angle of equal to or less than 10 degree 
with respect to the surface of the crystalline semiconductor film; 

5% or less of the crystalline semiconductor film is the {111} 
lattice plane that forms an angle of equal to or less than 10 degree 
with respect to the surface of the crystalline semiconductor film; 
and 

secondary ion mass spectroscopy is conducted on the 
crystalline semiconductor film to reveal that the film contains 
less than 5 x 10 18 nitrogen atoms per cm 3 , less than 5 x 10 18 carbon 
atoms per cm 3 , and less than 1 x 10 19 oxygen atoms per cm 3 . 

Moreover , according to still another structure of the present 
invention, there is provided a semiconductor device whose pixel 
portion and driver circuit are formed on the same insulator, 
characterized in that: 

thin film transistors in the pixel portion and in the driver 
circuit are all p-channel transistors; 

each of the thin film transistors has a channel formation 
region formed of a crystalline semiconductor film that contains 
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silicon as its main ingredient and germanium; 

20% or more of the crystalline semiconductor film is the 
{101} lattice plane that forms an angle of equal to or less than 
10 degree with respect to the surface of the crystalline semiconductor 
film , the plane being detected by an electron backscatter diffraction 
pattern method; 

3% or less of the crystalline semiconductor film is the {001} 
lattice plane that forms an angle of equal to or less than 10 degree 
with respect to the surface of the crystalline semiconductor film; 

5% or less of the crystalline semiconductor film is the { 111 } 
lattice plane that forms an angle of equal to or less than 10 degree 
with respect to the surface of the crystalline semiconductor film; 
and 

secondary ion mass spectroscopy is conducted on the 
crystalline semiconductor film to reveal that the film contains 
less than 5 x 10 18 nitrogen atoms per cm 3 , less than 5 x 10 18 carbon 
atoms per cm 3 , and less than 1 x 10 19 oxygen atoms per cm 3 . 

Further, according to still another structure of the present 
invention, there is provided a semiconductor device whose pixel 
portion and driver circuit are formed on the same insulator, 
characterized in that: 

the driver circuit is composed of an n- channel thin film 
transistor and a p-channel thin film transistor; 

each of the n-channel and p-channel thin film transistors 
has a channel formation region formed of a crystalline semiconductor 
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- film that contains silicon as its main ingredient and germanium; 

20% or more of the crystalline semiconductor film is the 
{101} lattice plane that forms an angle of equal to or less than 
10 degree with respect to the surface of the crystalline semiconductor 
film , the plane being detected by an electron backscatter diffraction 
pattern method; 

3% or less of the crystalline semiconductor film is the {001} 
lattice plane that forms an angle of equal to or less than 10 degree 
with respect to the surface of the crystalline semiconductor film; 

5% or less of the crystalline semiconductor film is the {111} 
lattice plane that forms an angle of equal to or less than 10 degree 
with respect to the surface of the crystalline semiconductor film; 
and 

secondary ion mass spectroscopy is conducted on the 
crystalline semiconductor film to reveal that the film contains 
less than 5 x 10 18 nitrogen atoms per cm 3 , less than 5 x 10 18 carbon 
atoms per cm 3 , and less than 1 x 10 19 oxygen atoms per cm 3 . 

Furthermore, according to still another structure of the 
present invention, there is provided a semiconductor device whose 
pixel portion is formed on an insulator, characterized in that: 

thin film transistors in the pixel portion each have a channel 
formation region formed of a crystalline semiconductor film that 
contains silicon as its main ingredient and germanium; 

20% or more of the channel formation region is the {101} 
lattice plane that forms an angle of equal to or less than 10 degree 
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- with respect to the surface of the crystalline semiconductor film, 
the plane being detected by an electron backscatter diffraction 
pattern method; 

3% or less of the channel formation region is the { 001 } lattice 
plane that forms an angle of equal to or less than 10 degree with 
respect to the surface of the crystalline semiconductor film; 

5% or less of the channel formation region is the {111} lattice 
plane that forms an angle of equal to or less than 10 degree with 
respect to the surface of the crystalline semiconductor film; and 

secondary ion mass spectroscopy is conducted on the channel 
formation region to reveal that the region contains less than 5 
x 10 18 nitrogen atoms per cm 3 , less than 5 x 10 18 carbon atoms per 
cm 3 , and less than 1 x 10 19 oxygen atoms per cm 3 . 

Besides , according to still another structure of the present 
invention, there is provided a semiconductor device whose pixel 
portion and driver circuit are formed on the same insulator, 
characterized in that: 

the driver circuit includes a buffer composed of thin film 
transistors of one type of conductivity; 

the buffer has a first one conductivity thin film transistor 
and a second one conductivity thin film transistor, the second one 
conductivity thin film transistor being connected to the first one 
conductivity thin film transistor in series and having as its gate 
a drain of the first one conductivity thin film transistor; 

each of the first and second thin film transistors has a 
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- channel formation region formed of a crystalline semiconductor film 
that contains silicon as its main ingredient and germanium; 

20% or more of the crystalline semiconductor film is the 
{101} lattice plane that forms an angle of equal to or less than 
10 degree with respect to the surface of the crystalline semiconductor 
film, the plane being detected by an electron backscatter diffraction 
pattern method; 

3% or less of the crystalline semiconductor film is the {001} 
lattice plane that forms an angle of equal to or less than 10 degree 
with respect to the surface of crystalline semiconductor film; 

5% or less of the crystalline semiconductor film is the { 111} 
lattice plane that forms an angle of equal to or less than 10 degree 
with respect to the surface of crystalline semiconductor film; and 

secondary ion mass spectroscopy is conducted on the 
crystalline semiconductor film to reveal that the film contains 
less than 5 x 10 18 nitrogen atoms per cm 3 , less than 5 x 10 18 carbon 
atoms per cm 3 , and less than 1 x 10 19 oxygen atoms per cm 3 . 

The crystalline semiconductor film used in the present 
invention is obtained by doping an amorphous semiconductor film 
that contains silicon as its main ingredient and germanium with 
a metal element and crystallizing the film through heat treatment, 
or through heat treatment plus laser light irradiation. The metal 
element to be used for the doping is one or more elements selected 
from the group consisting of Fe, Co, Ni, Ru, Rh, Pd, Os , Ir, Pt , 
Cu and Au . By doping the amorphous semiconductor film with the metal 
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- element ( s ) given above and then subjecting the film to heat treatment , 
a compound of silicon and the metal element(s) (silicide) is formed. 
The silicide diffuses throughout the film to advance 
crystallization . 

At this point, germanium does not react with this compound 
but causes local distortion by merely existing around the compound. 
The distortion increases the critical radius of nuclear generation 
and, overall, acts to reduce the nuclear generation density. The 
distortion also works to limit orientation of crystals. 

The concentration of germanium suitable for inducing such 
effects is found to be 0.1 atomic percent or more and 10 atomic 
percent or less, preferably 1 atomic percent or more and 5 atomic 
percent or less , as a result of experiments . When the concentration 
of germanium is higher than the above, natural nuclei as alloy 
materials of silicon and germanium are generated in a considerable 
number, making it impossible to raise the orientation ratio. 
(Natural nuclei are crystal nuclei generated not from the compound 
of silicon and the dopant metal element but from other compounds. ) 
The germanium concentration lower than the above also cannot raise 
the orientation ratio because the distortions generated are not 
enough. 

When an amorphous semiconductor film is crystallized, atoms 
are rearranged so that the volume of the film is reduced 
macroscopically. As a result, tensile stress is generated in the 
crystalline semiconductor film formed on the substrate. However, 
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if the amorphous semiconductor film is doped with 0.1 to 10 atomic 
percent, preferably 1 to 5 atomic percent, of germanium that has 
an atomic radius larger than that of silicon, the volume shrinkage 
accompanying crystallization is reduced and the tensile stress to 
be generated is accordingly reduced . In short , doping with germanium 
in a given concentration can ease distortion in the crystalline 
semiconductor film. 

The distribution of crystal orientation is obtained by 
electron backscatter diffraction pattern (hereinafter abbreviated 
as EBSP). EBSP is a method of analyzing the crystal orientation 
from backscatter of the primary electron by setting a dedicated 
detector in a scanning electron microscope. The measurement method 
by EBSP is illustrated in Fig. 6. An electron gun (Schottky type 
field emission electron gun) 101, a mirror 102 and a sample chamber 
103 are structured in the same way as those in an ordinary scanning 
electron microscope. In EBSP measurement, a stage 104 is slanted 
about sixty degree and a sample 109 is placed thereon. A screen 
105 of a detector 106 is inserted so as to face the sample in this 
state . 

If an electron beam enters the sample having a crystal 
structure here, inelastic scattering takes place also in the rear. 
There can also be observed a linear pattern peculiar to the crystal 
orientation by Bragg diffraction in the sample (the pattern is 
commonly called a Kikuchi image). EBSP obtains the crystal 
orientation of the sample by analyzing the Kikuchi image projected 
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- onto the screen of the detector. 

Fig. 7 shows a crystalline semiconductor film 122 having 
a polycrystalline structure and formed on a substrate 121. Having 
a polycrystalline structure means that crystal grains have crystal 
orientations different from one another . Information of the crystal 
orientation or orientation can be obtained for a planar sample by 
the mapping measurement in which the point the electron beam hits 
the sample is moved along and the orientation is analyzed every 
time the point moves. The thickness of the incident electron beam 
varies depending on the type of the electron gun attached to the 
scanning electron microscope. In the case of the Schottky field 
discharge type, the gun emits a very thin electron beam 123 with 
a diameter of 10 to 20 nm. The mapping measurement can provide more 
averaged information of the crystal orientation when the number 
of measurement points is greater and the area of the measurement 
range is wider. In a practical measurement, an area of 100 x 100 
^m 2 is measured at about 10000 points ( the distance between two points 
is 1 urn) to 40000 points (the distance between two points is 0 . 5 
Mm) . 

When the crystal orientation is obtained for all of the 
crystal grains from the mapping measurement , the crystal orientation 
state relative to the film can be expressed statistically. Fig. 
8A shows an example of reverse pole diagram obtained by EBSP. A 
reverse pole diagram is often used to show the major orientation 
of a polycrystal, and it collectively illustrates correspondence 



- between a specific face of the sample (here, the film surface) and 
a lattice plane. 

The fan- shaped frame in Fig. 8A is the one generally called 
a standard triangle in which all indexes related to the cubic system 
are included. In Fig. 8A, the length corresponds to the angle in 
the crystal orientation. For instance, the distance between {001} 
and {101} is 45°, the distance between {101} and {111} is 35.26°, 
and the distance between {111} and {001} is 54 . 74°. The white dotted 
lines respectively indicate a range of offset angle of 5° and a range 
of offset angle of 10° relative to {101}. 

Fig . 8A is obtained by plotting all of the measurement points 
(11655 points in this case) in the mapping measurement onto the 
standard triangle. The points are dense in the vicinity of {101}. 
Fig. 8B translates concentration of points of Fig. 8A into contour. 
This is an orientation distribution function values for expressing 
as contour the concentration (the density of the points in Fig. 
8A) premised on random orientation. The numeric values here are 
scale factors (magnification) when assuming that the orientation 
of crystal grains is completely random, namely, when the points 
are evenly distributed throughout the standard triangle, and the 
values are dimensionless numbers. 

If it is found that there is the major orientation toward 
a specific index (here, {101}) , the level of the major orientation 
is easy to image when the quantity of crystal grains centered around 
the specific index is expressed in numeric values as above. For 
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- example, the orientation ratio is expressed by and obtained from 
the following equation when the orientation ratio is given as the 
ratio of the points present in the range of offset angle of 5° and 
the range of offset angle of 10° relative to {101} to the whole points 
in the reverse pole diagram of Fig. 8A shown as an example (the 
ranges are indicated by the white dotted lines in Fig. 8A) . 

Equation 1 

{ 101 } orientation ratio = ( the number of the measured points 
within acceptable offset angle formed between {101} lattice plane 
and film surf ace )/( the number of the measured whole points) 

Alternatively, this ratio can be described as follows . When 
the points are distributed heavily around {101} as in Fig. 8A, it 
is expected in the actual film that the {101} orientation of the 
grains is substantially perpendicular to the substrate although 
there are some fluctuation in orientation as shown in Fig. 10. The 
acceptable error for the fluctuation angle is 5° and 10°. Then the 
number of crystal grains whose {101} orientation is smaller than 
the acceptable angle is counted to express the ratio of them in 
numeric values. For example, the {101} orientation of a certain 
crystal grain in Fig. 9 is not in the acceptable range of 5° but 
in the acceptable range of 10°. In obtaining data later in this 
specification, the acceptable offset angles are set to 5° and 10° 
and the ratio of crystal grains that fall within the acceptable 
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ranges are calculated as described above. 

In the reverse pole diagram shown as an example in Fig. 8A, 
the peaks respectively represent {101}, {111} and {001}, and the 
diagram shows that other plane orientations emerge when the offset 
angle with respect to {101} exceeds certain values. For example, 
the {112} orientation emerges when the offset angle with respect 
to {101} reaches 30°. Accordingly, when EBSP is used to determine 
the ratio of crystal orientations , it is necessary to set an acceptable 
offset angle for crystal grains that are distributed with fluctuation 
to such an angle as to exclude any possibility of erroneously counting 
other indexes in. Experientially , appropriate acceptable offset 
angle is 10° or less, or 5° or less. When data is collected with 
the acceptable offset angle set to the angle above, the ratio of 
crystal grains oriented in a specific orientation can be quantified. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings : 

Figs. 1A to ID are reverse pole diagrams obtained by 
conducting an EBSP method on a crystalline semiconductor film of 
the present invention; 

Fig . 2 is a graph showing the relation between the Ni solution 
concentration and the {101} orientation ratio; 

Fig. 3 is a graph showing the results of measuring the Ge 
concentration in a crystalline semiconductor film by SIMS; 

Fig. 4 is a graph of SIMS data showing the concentration 
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- of C, N and 0 in samples formed from SiH 4 gas, GeH 4 gas and H 2 gas; 

Fig. 5 is a graph showing the relation between the added 
quantity of GeH 4 and the density of crystal nuclei generated; 

Fig. 6 is a diagram illustrating the structure of an EBSP 

device ; 

Fig. 7 is a diagram illustrating the concept of measuring 
a sample by EBSP; 

Figs . 8A and 8B are examples of reverse pole diagrams obtained 
by EBSP data; 

Fig. 9 is a diagram illustrating offset angles with respect 
to the {101} orientation; 

Fig. 10 is a diagram illustrating fluctuation in {101} 
orientation between crystal grains when the major orientation is 
in the vicinity of {101}; 

Figs. 11A to 11D are diagrams illustrating a method of 
manufacturing a crystalline semiconductor film according to the 
present invention ; 

Figs. 12A to 12C are diagrams illustrating a method of 
manufacturing a crystalline semiconductor film according to the 
present invention ; 

Figs. 13A to 13C are diagrams illustrating a method of 
manufacturing a crystalline semiconductor film according to the 
present invention ; 

Figs. 14A to 14D are diagrams illustrating a process of 
manufacturing a p- channel TFT; 
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Figs. 15A to 15D are diagrams illustrating a process of 
manufacturing an n-channel TFT; 

Figs. 16A to 16G are diagrams illustrating a process of 
manufacturing a TFT having a CMOS structure; 

Fig. 17 is a diagram illustrating a structure in which a 
driver circuit TFT and a pixel portion TFT are formed on the same 
substrate ; 

Fig. 18 is a top view of the pixel structure in a pixel portion; 
Figs. 19A and 19B are diagrams showing the structure of an 
NMOS circuit; 

Figs. 20A and 20B are diagrams showing the structure of a 
shift register; 

Fig. 21 is a sectional structural view showing a driver 
circuit and a pixel portion of a display device in which the pixel 
portion is formed from light emitting elements; 

Figs . 22A and 22B are respectively a top view and a sectional 
view of pixels in a display device in which a pixel portion is formed 
from light emitting elements; 

Figs. 23A and 23B are respectively a top view and a circuit 
diagram of a display device in which a pixel portion is formed from 
light emitting elements; 

Fig . 24 is a circuit block diagram showing a digitally-driven 
display device; 

Fig 2 5 is a diagram showing the structure of a gate side 
driver circuit composed of n-channel TFTs ; 
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Fig. 26 is a timing chart of a decoder input signal; 

Fig. 27 is a diagram showing the structure of a source side 
driver circuit composed of n-channel TFTs ; 

Fig 28 is a diagram showing the structure of a gate side 
driver circuit composed of p-channel TFTs; 

Fig. 29 is a timing chart of a decoder input signal; 

Fig. 30 is a diagram showing the structure of a source side 
driver circuit composed of p-channel TFTs; 

Figs. 31A to 31E are diagrams showing examples of a 
semiconductor device; 

Figs. 32A to 32C are diagrams showing examples of the 
semiconductor device ; 

Figs . 33A to 33D are diagrams showing examples of a projector; 

Fig. 34 is a diagram illustrating X-ray diffraction 
measurement and sample flap angle; 

Figs . 35A and 35B are diagrams illustrating sample flap angle 
and a lattice plane that contributes to diffraction; 

Fig. 36 is a reverse pole diagram obtained by conducting 
the EBSP method on a crystalline semiconductor film; 

Figs. 37A to 37E are diagrams illustrating a method of 
manufacturing a crystalline semiconductor film according to the 
present invention; and 

Fig . 38 is a graph showing the concentration of a metal element 
measured by TXRF before and after gettering treatment. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention is characterized by forming a TFT from 
a crystalline semiconductor film in which the ratio of the {101} 
lattice plane orientation is high. The crystalline semiconductor 
film having a high {101} orientation ratio, which is to be formed 
on a substrate, is not obtained unless a specific semiconductor 
material is used. The specific semiconductor material mainly 
contains silicon and also contains 0.1 to 10 atomic percent 
( preferably 1 to 5 atomic percent ) of germanium . A typical embodiment 
mode for obtaining the crystalline semiconductor film as such 
includes: preparing hydride gas, fluoride gas or chloride gas of 
silicon atom and germanium atom; forming an amorphous semiconductor 
film by plasma CVD or low pressure CVD with the prepared gas; 
introducing a metal element for promoting crystallization of the 
amorphous semiconductor film to the surface of the amorphous 
semiconductor film; and subjecting the film to heat treatment while 
utilizing the metal element to form a crystalline semiconductor 
film. 

In the present invention, a substrate suitable for forming 
the crystalline semiconductor film thereon is a non- alkaline glass 
substrate such as alumina borosilicate substrate and a barium 
borosilicate substrate. Typically, a Corning # 7059 glass substrate 
or a Corning # 1737 glass substrate (product of Corning Incorporated) 
is used. A quartz substrate or a sapphire substrate may also be 
used. Alternatively, silicon, germanium, gallium, arsenicor other 
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- semiconductor substrate with an insulating film formed on its top 
surface may be used as the substrate. 

If the above glass substrate is chosen as a substrate, a 
blocking layer is formed between the amorphous semiconductor film 
and the glass substrate from silicon nitride, silicon oxide, silicon 
oxynitride or the like. The blocking layer prevents an impurity 
element such as an alkaline metal element contained in the glass 
substrate from diffusing into the semiconductor film. For example, 
a silicon nitride film is formed by plasma CVD using SiH 4 , NH 3 and 
N 2 as reaction gas. If a silicon oxynitride film is to be formed 
instead, SiH 4 , N 2 0 and NH 3 are used as reaction gas. The blocking 
layer is formed to a thickness of 20 to 200 nm. 

The amorphous semiconductor film is formed by plasma CVD, 
low pressure CVD, or other appropriate method. When plasma CVD is 
employed, a reaction chamber is filled with reaction gas consisting 
of SiH 4 and GeH 4/ or reaction gas consisting of SiH 4 and GeH 4 diluted 
with H 2 . Then the substrate is brought in the reaction chamber and 
the reaction gas is decomposed through 1 to 200 MHz high frequency 
discharge to be deposited on the substrate as the amorphous 
semiconductor film. For the reaction gas, SiH 4 may be replaced by 
Si 2 H 6 or SiF 4 , and GeH 4 may be replaced by GeF 4 . Similar reaction 
gas can be employed also when low pressure CVD is chosen . Preferably, 
the reaction gas is diluted by He and is deposited on the substrate 
at a temperature of 400 to 500°C to form the amorphous semiconductor 
film. In any case, the gas used in the present invention is highly 
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- refined in order to reduce the concentration of impurity elements, 
such as oxygen, nitrogen and carbon, mixed in the amorphous 
semiconductor film during formation. The amorphous semiconductor 
film is formed to a thickness of 20 to 100 nm. 

The amorphous semiconductor film used in the present 
invention contains silicon as its main ingredient and 0.1 atomic 
percent to 10 atomic percent of germanium ( preferably 1 atomic percent 
to 5 atomic percent of germanium). The germanium content in the 
film can be adjusted by changing the mixing ratio of SiH 4 and GeH 4 
that constitute typical reaction gas. Concentrations of nitrogen, 
carbon and oxygen contained in the amorphous semiconductor film 
are set to less than 5 x 10 18 atoms/cm 3 , 5 x 10 18 atoms/cm 3 and 1 
x 10 19 atoms /cm 3 , respectively. Taking this precaution during 
crystallizing the amorphous semiconductor film eliminates the 
possibility of impairing electric characteristics of the crystalline 
semiconductor film formed. 

A metal element is introduced to the surface of the thus 
formed amorphous semiconductor film in order to promote 
crystallization of the amorphous semiconductor film. The metal 
element is one or more elements selected from the group consisting 
of iron (Fe), nickel (Ni) , cobalt (Co), ruthenium (Ru), rhodium 
(Rh), palladium (Pd), osmium (Os), iridium (Ir), platinum (Pt), 
copper (Cu), and gold (Au). The metal elements listed above can 
be used as the metal element for promoting crystallization of the 
amorphous semiconductor film in every mode of the present invention 
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described in this specification. The above metal elements all 
provide the same effect at the same level, though nickel is the 
element that is typically used. 

The metal elements are introduced to the entire surface of 
the amorphous semiconductor film, or in strips or dots suitably 
placed throughout the surface of the amorphous semiconductor film. 
In the former case, the surface of the amorphous semiconductor film 
to which the metal elements are to be introduced may be the substrate 
side surface or the surface opposite to the substrate. In the latter 
case, an insulating film is preferably formed on the amorphous 
semiconductor film so that the metal elements are introduced to 
the amorphous semiconductor film through openings formed in the 
insulating film . The size of the openings is not particularly limited , 
but a recommended width is 10 to 40 ^m. The longitudinal length 
of the openings may be set to an arbitrary value within a range 
of several tens \m to several tens cm. 

How to introduce the metal elements is not particularly 
limited as long as a film is formed from the metal elements on the 
surface of the amorphous semiconductor film or in the amorphous 
semiconductor film. Examples of the usable introduction method 
include sputtering, evaporation, plasma treatment ( including plasma 
CVD) , adsorption, and application of a metallic salt solution. In 
plasma treatment, metal elements sputtered from the cathode in glow 
discharge atmosphere by inert gas are used . Application of ametallic 
salt solution is advantageous, for it is simple and is easy to adjust 
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- concentration of the metal elements. 

Various kinds of salts can be used for the metallic salt. 
Examples of the usable solvent include water; alcohols, aldehyde 
esters, ethers or other organic solvents; and a mixture of water 
and these organic solvents. The metallic salt may not always be 
dissolved completely in the solution. A solution in which a part 
of or the entirety of metallic salt is suspended may be used . Whatever 
method is employed, the metal elements have to be introduced to 
the surface of the amorphous semiconductor film or into the film 
while being dispersed. 

After the metal elements are introduced by one of the above 
methods , the amorphous semiconductor film is crystallized utilizing 
the introduced metal elements. The crystallization is achieved by 
heat treatment or by irradiating the film with intense light such 
as laser light , ultraviolet ray, and infrared light . Heat treatment 
alone can provide a crystalline semiconductor film in which the 
major orientation is the {101} orientation. However, heat treatment 
is preferably followed by irradiation of intense light such as laser 
light . The laser treatment subsequent to the heat treatment repairs 
and eliminates crystal defects left in crystal grains, and hence 
is an effective measure to improve the quality of crystals formed. 

The temperature in the heat treatment can range from 4 50 
to 1000°C. One probable upper limit for the temperature is set by 
the heat resistance of the substrate used. In the case of a glass 
substrate, the upper temperature limit can be set based on the 
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- distortion point of the glass substrate . For example , when the glass 
substrate has a distortion point of 667°C, an appropriate upper 
temperature limit will be about 660°C. The time required for the 
heat treatment is suitably set while taking into consideration the 
heating temperature and conditions for the subsequent treatment 
(e.g. , whether or not laser light irradiation treatment is carried 
out) . Preferably, the heat treatment is conducted at 550 to 600°C 
for four to twenty-four hours. If the heat treatment is followed 
by laser treatment, the heat treatment is conducted at 500 to 550°C 
for four to eight hours. The heat treatment may be conducted in 
air or a hydrogen atmosphere, preferably, a nitrogen atmosphere 
or an inert gas atmosphere. 

The laser treatment uses as a light source an excimer laser 
having a wavelength of 400 nm or less, or the second harmonic 
(wavelength: 532 nm) to the fourth harmonic (wavelength: 266 nm) 
of a YAG laser or of a YV0 4 laser. The laser light is focused by 
an optical system into a linear beam or spot light . The energy density 
of the laser light upon irradiation is set to 100 to 700 mJ/cm 2 . 
The focused laser beam is scanned over a given region of the substrate 
to process the region. Instead of the laser, a halogen lamp, a xenon 
lamp, a mercury lamp, a metal halide lamp, etc. may be used as the 
light source. 

The mechanism of obtaining, through the above steps, the 
crystalline semiconductor film of the present invention in which 
the ratio of the {101} plane orientation is high is not so clear 
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- at present- However, the following inference can be made about the 
mechanism. 

First , in crystallization, the heat treatment at 400 to 500°C 
makes the metal element and silicon react to each other to form 
a silicide . The silicide serves as a crystal nuclear to start crystal 
growth later. For instance, nickel used as a typical metal element 
forms a nickel silicide (hereinafter referred to as NiSi 2 ). The 
structure of NiSi 2 is of fluorite, where a nickel atom is arranged 
between silicon lattices having the diamond structure. When the 
nickel atom is removed from NiSi 2 , the silicon crystal structure 
is left . From the results of numerous experiments , it has been found 
that the nickel atom moves toward the amorphous silicon side. 
Supposedly, this is because the solid solution rate is higher in 
the amorphous silicon than in the crystalline silicon . Accordingly , 
a model is proposed in which formation of the crystalline silicon 
seems to advance as nickel moves in the amorphous silicon. 

NiSi 2 does not have particular orientation. However, when 
the amorphous semiconductor film has a thickness of 20 to 100 nm, 
NiSi 2 can grow almost only in the direction parallel to the substrate 
surface. In this case, the energy of the interface between NiSi 2 
and the {111} plane of the crystalline silicon is the minimum, which 
makes the {110} plane parallel to the surface of the crystalline 
silicon film. Therefore the grains are oriented mainly in the {110} 
lattice plane orientation. When the crystal growth direction is 
parallel to the substrate surface and a crystal grows into a 1 pillar. 
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_ the crystal may not always oriented in the {110} plane orientation 
because there is a degree of freedom in the rotation direction about 
the pillar-like crystal. Accordingly, other lattice planes could 
be deposited. 

In order to enhance the ratio of the {101} lattice plane 
orientation in the crystalline semiconductor film, the present 
invention has found a measure of putting limitations on the rotation 
direction of the pillar-like crystal to reduce the degree of freedom; 
namely, to make the amorphous silicon contain 0 . 1 to 10 atomic percent 
of germanium. Needless to say, the presence of germanium is not 
the essential factor . The essential factor is , as mentioned before , 
to release the internal stress by breaching the silicon network 
or by influencing the silicon network in other ways, and this can 
be achieved by elements other than germanium. 

Taking germanium as an example, observation has found that 
the amorphous silicon containing 0 . 1 to 10 atomic percent of germanium 
lowers the density of crystal nuclei generated. The observation 
result is shown in Fig. 15. Fig. 15 shows that the crystal nuclear 
density declines as the amount of GeH 4 used to dope the amorphous 
silicon film during its formation increases, in other words, as 
the concentration of germanium taken into the amorphous silicon 
film increases. When NiSi 2 serving as a crystal nuclei is formed, 
it is supposed that the crystal growth described above advances 
while germanium is being removed due to difference in interatomic 
distance. Therefore the presumption is that germanium segregates 
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- outside the pillar- like crystal to reduce the degree of freedom 
in the rotation direction about the pillar- like crystal by its 
presence. As a result, the crystalline semiconductor film in which 
the ratio of the {101} orientation is high can be obtained. 

In order to enhance the ratio of the {101} lattice plane 
orientation in the crystalline semiconductor film, the present 
invention has found a measure of putting limitations on the rotation 
direction of the pillar- like crystal to reduce the degree of freedom; 
namely, to make the amorphous silicon contain 0 . 1 to 10 atomic percent 
of germanium. 

First, observation has found that the amorphous silicon 
containing 0.1 to 10 atomic percent of germanium lowers the density 
of crystal nuclei generated. The observation result is shown in 
Fig. 5. Fig. 5 shows that the crystal nuclear density declines as 
the amount of GeH 4 used to dope the amorphous silicon film during 
its formation increases, in other words, as the concentration of 
germanium taken into the amorphous silicon film increases. When 
NiSi 2 serving as a crystal nuclei is formed, it is supposed that 
the crystal growth described above advances while germanium is being 
removed due to difference in interatomic distance. Therefore the 
presumption is that germanium segregates outside the pillar- like 
crystal to reduce the degree of freedom in the rotation direction 
about the pillar- like crystal by its presence. As a result, the 
crystalline semiconductor film in which the ratio of the {110} 
orientation is high can be obtained. 
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Described next is the relation between conditions for forming 
the crystalline semiconductor film in accordance with the present 
invention and the orientation of its crystals observed by EBSP. 
Table 1 shows conditions for forming an amorphous semiconductor 
film by plasma CVD. The high frequency power is set to 0.35 W/cm 2 
(27 MHz) and is modulated into pulse discharge with a repetition 
frequency of 10 kHz (duty ratio: 30%) so as to be supplied to a 
cathode of a parallel flat type plasma CVD apparatus. In addition, 
common conditions including setting the reaction pressure to 33.25 
Pa, the substrate temperature to 300°C, and the distance between 
electrodes to 35 mm, are provided. 



Table 1 





SGN30 


SGN10 


SGN5 


SN 


SiH 4 flow rate 


[seem] 


70 


90 


95 


100 


GeH 4 (H 2 base 10%) flow rate 


[seem] 


30 


10 


5 


0 


RF power 


[W/cm 2 ] 


0.35 


0.35 


0.35 


0.35 


pulse frequency 


[KHz] 


10 


10 


10 


10 


Duty 


:%] 


30 


30 


30 


30 


pressure 


Pa} 


33.25 


33.25 


33.25 


33.25 


substrate temperature (Tsub) 


[°C] 


300 


300 


300 


300 


electrodes gap (GAP) 


mm] 


35 


35 


35 


35 



In order to change the germanium content of the film relative 
to the silicon content, the mixture ratio of SiH 4 gas and GeH 4 gas 
which is diluted by H 2 to 10% is changed in terms of flow rate while 
keeping the total flowrate constant . In the f ilmf ormation condition 
No. SGN30, the film formation condition No. SGN 10 and the film 
formation condition No. SGN 5 out of the conditions shown in Table 
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. 1, the throughput of GeH 4 diluted by H 2 to 10% is changed to 30 SCCM, 
10 SCCM and 5 SCCM, respectively. SiH 4 used has a purity of 99 . 9999% 
or more. GeH 4 used is a highly pure product in which the nitrogen 
content is 1 ppm or less, the hydrocarbon compound content is 1 
ppm or less, and the C0 2 content is 2 ppm or less. In the condition 
No. SN, the film is not doped with GeH 4 . The thickness of the amorphous 
semiconductor film formed is 50 nm in every sample. 

The amorphous semiconductor film formed under those 
conditions contains nitrogen , carbon and oxygen in an amount measured 
by secondary ion mass spectroscopy (SIMS) . Fig. 4 shows the result 
of the measurement. The sample used in the measurement is a silicon 
substrate on which a film formed under the condition No. SN, a film 
of No. SGN5 and a film of No. SGN10 are layered in this order. With 
any film formation condition, the nitrogen content, the carbon 
content and the oxygen content are less than 5 x 10 18 atoms /cm 3 , 
less than 5 x 10 18 atoms /cm 3 , and less than 1 x 10 19 atoms /cm 3 , 
respectively. 

The thus formed amorphous semiconductor film is crystallized 
by using nickel as the metal element and subjecting the film to 
heat treatment in a nitrogen atmosphere at 550°C for four hours and 
then to laser treatment . Nickel is introduced by applying an aqueous 
solution containing nickel acetate through a spinner. In the laser 
treatment, an XeCl excimer laser (wavelength: 308 nm) is used, the 
irradiation energy density is set to 300 to 600 mJ/cm 2 , and the 
overlapping ratio is set to 90 to 95%. The laser treatment is for 
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crystallizing a portion of the film crystallized by the heat treatment 
which remains amorphous and for repairing defects in crystal grains . 

The defects remaining in the crystalline semiconductor film 
can effectively be reduced by hydrogenating the film so that the 
film contains about 0.01 to 1 atomic percent of hydrogen. The 
hydrogenation is achieved by heat treatment in an atmosphere 
containing hydrogen at a temperature of 350 to 500°C. Alternatively, 
the film may be hydrogenated using hydrogen generated by plasma. 
If the film is formed by deposition of fluoride such as SiF 4 and 
GeF 4 , fluorine on the order of 0.001 to 1 atomic percent remains 
in the film to serve as an element for repairing the defects. 

Fig. 3 shows the results of measurement by SIMS for 
determining the germanium concentration in the crystallized films 
of No . SGN5 , No . SGN10 and No . SGN30 . The germanium content relative 
to the silicon content is 1.5 atomic percent in the case of No. 
SGN5, 3.5 atomic percent in the case of No. SGN10, and 11.0 atomic 
percent in the case of No. SGN30. Converting it into flow rate of 
GeH 4 relative to SiH 4 , the germanium content in the film is three 
to four times greater than the silicon content. This is because 
GeH 4 is decomposed by glow discharge with energy smaller than the 
energy required to decompose SiH 4 . 

Details about the crystal orientation is obtained from EBSP . 
Figs . 1A to ID are reverse pole diagrams of a crystalline silicon 
film obtained by crystallizing an amorphous silicon film that is 
formed under the condition No. SGN10 shown in Table 1 wheh nickel 
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_ concentration in the nickel acetate containing aqueous solution 
for the doping is varied within a range of 1 to 30 ppm. The film 
is crystallized through heat treatment at 580°C for four hours . Most 
of the crystals in the film are oriented in the {101} orientation 
whereas some other crystals are oriented in the {311} plane 
orientation that is in the middle of the {001} orientation and the 
{111} orientation. The ratio of the {101} orientation depends on 
the concentration of nickel, and the {101} orientation ratio is 
raised as the nickel concentration is lowered. Fig. 2 is a graph 
showing the nickel concentration dependency of the {101} orientation 
ratio when the dose of GeH 4 is 5 SCCM and 10 SCCM . The {101} orientation 
ratio expresses strong correlation with the nickel concentration 
under the condition No. SGN10, and the {101} orientation reaches 
61% when the nickel aqueous solution concentration is 0.1 ppm. The 
results are shown in Table 2. Fig. 36 is a reverse pole diagram 
of a crystalline silicon film formed under the condition No. SN, 
and the {101} orientation ratio in this case is 12%. 



Table 2 





Ni aquaous solution concentration (ppm) 




0.1 


0.3 


1 


3 


10 


30 


{101} orientation ratio (%) 


61 


60 


53 


44 


30 


19 



Table 3 shows the results of obtaining the ratio of the {101} 
lattice plane that forms an angle of equal to or less than 5° with 
respect to the surface of the film and the ratio of the {101} plane 
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that forms an angle of equal to or less than 10° with respect to 
the surface of the film for each sample on the basis of the reverse 
pole diagrams. The same ratio is obtained for the {001}, {111} and 
{113} lattice planes and shown in Table 3. In Table 3, a film No. 
HS is high in {113} orientation ratio and {111} orientation ratio 
with the {113} orientation ratio being 18% (in the case that the 
angle is 10° or less) and the {111} orientation ratio being 12% (in 
the case that the angle is 10° or less). A film No. SN is high in 
{101} orientation ratio and {311} orientation ratio . The {311} plane 
provides greater number of lattice planes that are equivalent in 
terms of symmetry than any other planes . Therefore the ratio of 
the {311} orientation is that much high in a polycrystal where the 
orientation is random. 



Table 3 unit: % 



sample 


{101} {001} {111} [113} 


10° 


5° 


10° 


5° 


10° 


5° 


10° 


5° 


#SGN30 


19 


1 


8 


2 


7 


3 


19 


5 


#SGN10 


31 


14 


1 


0 


3 


1 


10 


3 


#SGN5 


20 


6 


1 


0 


3 


0 


12 


3 


#SN 


12 


3 


1 


0 


7 


2 


15 


3 


#HS 


4 


1 


10 


3 


12 


6 


18 


4 



Some tendencies are recognized also in a film No. SGN30 , 
a film No. SGN10 and a film No. SGN 5 that are doped with germanium 
when comparing the samples . The tendencies indicate that the crystal 
orientation varies depending upon the concentration of germanium 
contained in the film. The tendency the most notable about the film 
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. No. SGN10 and the film No. SGN5 is that the ratio of the {101} lattice 
plane orientation is higher than the ratio of the other lattice 
plane orientations. In the film No. SGN10, the ratio of crystals 
with an offset angle of equal to or less than 10° is 31% and the 
ratio of crystals with an offset angle of equal to or less than 
5° is 14% . In the film No . SGN5 , the ratio of crystals with an offset 
angle of equal to or less than 10° is 20% and the ratio of crystals 
with an offset angle of equal to or less than 5° is 6%. Such a high 
{101} lattice plane orientation ratio can provide novel effects 
that cannot be obtained from the other germanium- less samples. 

However , it is shown that the { 101 } lattice plane orientation 
ratio is reduced when the content of germanium in the film No. SGN30 
declines to reach 11 atomic percent. Also, the {101} lattice plane 
orientation ratio declines by 20% when the germanium content in 
the film No. SGN5 is lowered to reach 1 . 5 atomic percent . Accordingly, 
the results indicate that there is an appropriate range for the 
concentration of germanium contained in an amorphous silicon film 
to increase the ratio of the {101} orientation. The appropriate 
concentration range is 0.1 atomic percent to 10 atomic percent, 
preferably, 1 atomic percent to 5 atomic percent. 

Needless to say, the crystalline semiconductor film highly 
oriented in the {101} lattice plane orientation is obtained not 
solely by setting the concentration of germanium for doping to 0.1 
to 10 atomic percent but by synergism. For the synergism, the 
concentration of elements contained in the film, namely,* oxygen. 
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- nitrogen and carbon, is set to less than 1 x 10 19 atoms/cm 3 , and 
the thickness of the film is set to 20 to 100 nm so that crystals 
grow mainly in the direction parallel to the substrate surface. 

The structure of the thus obtained crystalline semiconductor 
film is assessed by X-ray diffraction. In X-ray diffraction, the 
diffraction intensity is measured while scanning at an angle of 
diffraction of 20. From the measurement of 29 at which the intensity 
reaches its peak and from Bragg' s formula (2d sin9 = k f X Is the 
wavelength of the X-ray), lattice spacing d can be obtained. If 
the 20 scan is slowed to determine the peak position precisely, 
information about distortion applied to the lattice can also be 
obtained. 

The measurement is made on the crystalline silicon film No. 
SN shown in Table 3 and on a crystalline semiconductor film containing 
germanium in order to compare d values of the films. Both films 
are formed on quartz substrates. The films are each formed to a 
thickness of 54 nm. In crystallizing the films, an aqueous solution 
containing 10 ppm of nickel acetate is used and heat treatment is 
conducted at 500°C for an hour and then at 580°C for eight hours. 
The measurement is made on the lattice plane parallel to the film 
as well as the lattice plane that forms an angle of 60° with respect 
to the film by giving a flap angle to the samples as shown in Fig. 
34. This is schematically shown in Figs. 35A and 35B. The 
measurement precision is increased when 20 in diffraction is larger. 
The diffraction that can be measured is different between the two 
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. samples due to the difference in orientation. Then the diffraction 
with the largest 20 is determined for each sample through preliminary 
measurement, and real measurement is made on these diffractions. 
The diffractions used in the real measurement are (440) in the 
crystalline silicon film containing germanium (sample A) and (220) 
in the crystalline silicon film (sample B) . 

When a flap angle is given, the value of 26 gains systematic 
shift peculiar to the x-ray optical system of the device. Although 
this shift is small, a precise measurement like this is not allowed 

to ignore the influence of the shift. Therefore measurement of 26 
value is made in advance on a standard sample (tungsten powder having 
no orientation) at a flap angle of 0° and at a flap angle of 60° , 
so that the degree of shift in the standard sample can be used for 
correction of the other samples. The measurement results of the 
standard sample is shown in Table 4. Here, a diffraction having 
26 close to the index in the real measurement of the polycrystalline 
samples is chosen. To be specific, the (440) diffraction (29 is 
around 106°) is measured for the sample A and hence correction is 
made using the (310) diffraction (26 = 100.628°) of tungsten. On 
the other hand, the (220) diffraction (26 = around 47°) is measured 
for the sample B and hence correction is made using ( 110 ) diffraction 
(26 = 40.2444°) of tungsten. 

Table 4 
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measured index 


Psi[ ° ] 


26[° ] 


A26[° ] 




0 


100.628 




310 


60 


100.62 


-0.008 




0 


40.2444 




110 


60 


40.2698 


0.0254 



The results of measuring the sample A and the sample B are 
shown in Table 5. From the comparison based on a flap angle Psi, 
it can be seen that the d value is larger when Psi is 0° than when 
Psi is 60°. This is true for both of the sample A and sample B. 
Therefore the lattice has a distortion extending horizontally with 
respect to the films. When converting it into a lattice constant 
a to compare the two samples with one another, the difference in 
d value between the case of 0° and the case of 60° is merely 0.00164 
nm in the sample A whereas the difference is as large as 0.00272 
nm in the sample B. Accordingly, it can be said that the distortion 
in the film after crystallization can be relieved by mixing germanium 
in the amorphous semiconductor film during its formation. 



Table 5 



sample 


measured 
index 


Psi[° ] 


28[° ] 


20 [° ] 

(after amendment) 


d[nm] 


a[nm] 


Aa[nm] 


A 


440 


0 


106.9092 




0.096093 


0.54359 


0.00164 


60 


106.4369 


106.4449 


0.096384 


0.54523 


B 


220 


0 


47.4447 




0.191894 


0.54276 


0.00272 


60 


47.2188 


47.1934 


0.192857 


0.54548 



The crystalline semiconductor film in which the ratio of 
the {101} lattice plane orientation is high is suitable for forming 
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. a channel formation region that determines characteristics of an 
element, such as a channel formation region of a TFT and a 
photo-electric conversion layer of a photovoltaic element. 

Next , a method of manufacturing the crystalline silicon film 
containing germanium as above will be described in detail with 
reference to the drawings. 

Embodiment Mode 1 

The method of manufacturing a crystalline semiconductor film 
in accordance with illustration of Figs . 11A to 11D is to crystallize 
an amorphous silicon film containing germanium by doping the entire 
surface of the amorphous silicon film with a metal element for 
promoting crystallization of silicon . In Fig . 1 1A , a glass substrate , 
typically, the Corning #1773 glass substrate (product of Corning 
Incorporated), is used for a substrate 201. On the surface of the 
substrate 201, a silicon oxynitride film is formed as a blocking 
layer 202 from SiH 4 and N 2 0 by plasma CVD to a thickness of 100 nm. 
The blocking layer 202 is provided to prevent an alkaline metal 
contained in the substrate from diffusing into a semiconductor film 
to be formed on the blocking layer. 

An amorphous silicon film 203 containing germanium is formed 
by plasma CVD. SiH 4 gas and GeH 4 gas which is diluted by H 2 to 10% 
is introduced in a reaction chamber and decomposed by glow discharge 
to be deposited on the substrate 201. Details of the formation 
conditions are as shown in Table 1 . The condition employed here 
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_ is the condition No. SGN5 or the condition No. SGN 10, or a condition 
that falls between the two. The thickness of the amorphous silicon 
film 203 containing germanium is set to 50 nm. In order to reduce 
impurities such as oxygen, nitrogen and carbon in the amorphous 
silicon film 203 containing germanium as much as possible, SiH 4 of 
99.9999% or higher purity and GeH 4 of 99.99% or higher purity are 
used. Specifications of the plasma CVD apparatus to be used are 
as follows. The reaction chamber has a volume of 13 L. A compound 
molecular pump having an exhaust rate of 300 1/sec is provided on 
the first stage of the reaction chamber and a dry pump having an 
exhaust rate of 40 m 3 /hr is provided on the second stage of the reaction 
chamber so as to prevent reverse diffusion of evaporated organic 
material from the exhaust system side. The pumps also enhance the 
attained vacuum in the reaction chamber to let the least possible 
amount of impurity element mix in the amorphous semiconductor film 
during its formation. 

As shown in Fig. 11B, a nickel acetate solution containing 
10 ppm of nickel by weight is applied by spinner to form a nickel 
containing layer 204. In order to make sure the solution permeates 
the film well , the surface of the amorphous silicon film 203 containing 
germanium is treated. As the surface treatment, a very thin oxide 
film is formed using an aqueous solution containing ozone, the oxide 
film is etched using a mixture of hydrofluoric acid and hydrogen 
peroxide to form a clean surface, and a very thin oxide film is 
again formed by treatment using an aqueous solution containing ozone . 
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With the oxide film formed as above, the nickel acetate solution 
can be applied uniformly to the silicon surface, which is inherently 
hydrophobic . 

Next, heat treatment is conducted at 500°C for an hour so 
that hydrogen is released from the amorphous silicon film containing 
germanium. Then the film is subjected to heat treatment at 550°C 
for four hours to crystallize the film. Thus a crystalline 
semiconductor film 205 shown in Fig. 11C is formed. 

In order to enhance the crystallization rate (the ratio of 
crystalline components to the total volume of the film) and repair 
defects remaining in crystal grains, the crystalline semiconductor 
film 205 is subjected to laser treatment in which the film is 
irradiated with laser light 206. The laser used is an excimer laser 
having a wavelength of 308 nm and oscillating at 30 Hz. The laser 
light is collected by an optical system into a beam of 400 to 600 
mJ/cm 2 , and laser treatment is conducted with the overlapping ratio 
set to 90 to 95%. Thus a crystalline semiconductor film 207 shown 
in Fig. 11D can be obtained. 

Embodiment Mode 2 

A method of selectively introducing a metal element for 
promoting crystallization of an amorphous semiconductor film will 
be described with reference to Figs. 12A to 12C. In Fig. 12A, a 
substrate 220 may be the aforementioned glass substrate or a quartz 
substrate. When the glass substrate is employed, a blocking layer 
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- is formed as in Embodiment Mode 1. 

An amorphous silicon film 221 containing germanium may be 
formed by plasma CVD as in Embodiment Mode 1, or by introducing 
germanium through ion implantation or ion doping. The film may also 
be formed by low pressure CVD in which Si 2 H 6 and GeH 4 are decomposed 
at a temperature of 450 to 500°C. 

A silicon oxide film 222 with a thickness of 150 nm is formed 
on the amorphous silicon film 221 containing germanium. The method 
of forming the silicon oxide film is not limited. For example, the 
film is formed through discharge in which a mixture of tetraethyl 
ortho silicate (TEOS) and 0 2 is used, and the reaction pressure is 
set to 40 Pa, the substrate temperature is set to 300 to 400°C, the 
high frequency (13.56 MHz) power density is set to 0 . 5 to 0 . 8 W/cm 2 . 

Next, an opening 223 is formed in the silicon oxide film 
222 and a nickel acetate solution containing 10 ppm of nickel by 
weight is applied to the film. A nickel containing layer 224 is 
thus formed and the only part of the nickel containing layer that 
is in contact with the amorphous silicon film 221 containing germanium 
is at the bottom of the opening 223. 

The film is crystallized by heat treatment at 500 to 650°C 
for four to twenty-four hours, for example, at 570°C for fourteen 
hours. In this case, a part of the amorphous silicon film that is 
in contact with nickel is crystallized first and the crystallization 
advances from that part in the direction parallel to the substrate 
surface. A crystalline silicon film 225 is thus formed. The 
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- crystalline silicon film is masses of rod-like or needle-like 
crystals, and each crystal grows with a specific directivity when 
viewed macroscopically . The silicon oxide film 222 is then removed 
to complete the crystalline silicon film 225. 

Embodiment Mode 3 

The crystalline silicon film formed in accordance with the 
method described in Embodiment Mode 1 or 2 still has the metal element 
that has been utilized in crystallization . Although not distributed 
in the film uniformly, the metal element remains in a concentration 
over 1 x 10 19 atoms/cm 3 on the average. The film in this state can 
be used for a channel formation region of a TFT and other various 
semiconductor devices, of course, but it is preferred to remove 
the metal element from the film by gettering. 

An example of the gettering method according to this 
embodiment mode will be described with reference to Figs. 13A to 
13C. In Fig. 13A, the glass substrate of Embodiment Mode 1 or a 
quartz substrate is employed as a substrate 230. When the glass 
substrate is used, a blocking layer is formed similar to Embodiment 
Mode 1. A crystalline silicon film 231 can be formed by the method 
described in Embodiment Mode 1 or the method described in Embodiment 
Mode 2 . On the surface of the crystalline silicon film 231 , a silicon 
oxide film 232 to serve as a mask is formed to a thickness of 150 
nm. An opening 233 is formed in the silicon oxide film to expose 
a part of the crystalline silicon film. If the film is fbrmed in 
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accordance with Embodiment Mode 2, the silicon oxide film 222 shown 
in Fig. 12A can be used for the film 232 as it is, proceeding to 
the step of this embodiment mode after the step of Fig . 12B is completed. 
Then the film is doped with phosphorus by ion doping to form a 
phosphorus -doped region 235 that contains phosphorus in a 
concentration of 1 x 10 19 to 1 x 10 22 atoms/cm 3 . 

Thereafter, heat treatment is conducted in a nitrogen 
atmosphere at 550 to 800°C for five to twenty-four hours , for example, 
at 600°C for twelve hours. Through the heat treatment, the 
phosphorus -doped region 235 works as a gettering site as shown in 
Fig. 13B, and the catalytic element remained in the crystalline 
silicon film 231 is segregated in the phosphorus -doped region 235. 

After that, the silicon oxide film 232 that has served as 
a mask and the phosphorus -doped region 235 are removed by etching 
as shown in Fig. 13C. Thus obtained is a crystalline silicon film 
236 in which the concentration of the metal element used in the 
crystallization step is reduced to less than 1 x 10 17 atoms/cm 3 . 

Now, a description will be given on examples of manufacturing 
a TFT from the crystalline silicon film containing germanium as 
above. Needless to say, the present invention is not limited to 
the following embodiments. 

Embodiment 1 

This embodiment describes an example of manufacturing an 
n-channel TFT, and the description will be made with reference to 
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. Figs. 15Atol5D. In Fig. 15A, a crystalline silicon film containing 
germanium is formed on a substrate 301. The crystalline silicon 
film containing germanium, which is denoted by 320, may be formed 
in accordance with any one of the methods of Embodiment Modes 1 
to 3. In manufacturing a TFT from the film, the film is etched and 
divided into island-like films having given sizes in order to separate 
elements. When the substrate 301 is a glass substrate, a blocking 
layer 302 is formed. An insulating film 304 to be utilized as a 
gate insulating film in the TFT is formed to a thickness of 30 to 
200 nm. 

For the blocking layer 302, a silicon oxynitride film is 
formed by plasma CVD using SiH 4 and N 2 0 to a thickness of 50 to 200 
nm. Alternatively , the blocking layer may have a two -layer structure 
in which a silicon oxynitride film formed from SiH 4 , NH 3 and N 2 0 
by plasma CVD to a thickness of 50 nm and a silicon oxynitride film 
formed from SiH 4 and N 2 0 to a thickness of 100 nm are layered. The 
two- layer structure may instead be obtained by layering a silicon 
nitride film and a silicon oxide film that is formed using TEOS. 

A mask 321 is then formed from resist through light exposure 
process, so that the semiconductor film 320 is doped with an n type 
impurity element (donor) by ion implantation or ion doping. A third 
impurity region 322 thus formed contains the donor in a concentration 
of 1 x 10 17 to 2 x 10 19 atoms/cm 3 . 

On the insulating film 304, a gate electrode 323 is formed 
from a conductive material composed of one or more elements selected 
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. from the group consisting of tantalum, tungsten, titanium, aluminum 
and molybdenum. The gate electrode 323 partially overlaps the third 
impurity region 322 with the gate insulating film interposed 
therebetween . 

Thereafter, the semiconductor film is doped with an n type 
impurity element (donor) using the gate electrode 323 as a mask, 
whereby a fourth impurity region 324 is formed in a self -aligning 
manner. The impurity concentration in the fourth impurity region 
324 is set to 1 x 10 17 to 2 x 10 19 atoms/cm 3 . 

An interlayer insulating film 32 5 is then formed using a 
silicon nitride film or a silicon oxynitride film formed by plasma 
CVD. Heat treatment at a temperature of 350 to 500°C, which is 
necessary to activate the impurity element that has been used to 
dope the semiconductor film, is conducted after the interlayer 
insulating film 325 is formed. Through the heat treatment , hydrogen 
contained in the silicon nitride film or the silicon oxynitride 
film is released to diffuse into the crystalline silicon film 320 
containing germanium. As a result, defects in the crystalline 
silicon film can be repaired by hydrogen. When a source and drain 
electrode 326 is formed, a TFT is completed. 

The crystalline silicon film 320 has a channel formation 
region 327, a lightly doped drain (LDD) region 322 that is the third 
impurity region, and a source or drain region 324 that is the fourth 
impurity region. The channel formation region 327 is formed of the 
crystalline silicon film of the present invention in which germanium 
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. is contained and the ratio of the {101} orientation is high. The 
channel formation region 327 shows excellent interface 
characteristics regarding the interface with the gate insulating 
film, has reduced defect density in grain boundaries and inside 
crystal grains, and can provide high field effect mobility. The 
LDD region 322 is formed so as to overlap the gate electrode 322, 
thereby alleviating the concentration of electric field at the edge 
of the drain and preventing degradation due to hot carriers . The 
single drain structure or the LDD structure may of course be chosen 
instead to form the n-channel TFT. The TFT fabricated in accordance 
with the present invention can be used as a TFT for manufacturing 
an active matrix liquid crystal display device or a display device 
whose pixel portion is composed of light emitting elements, or as 
a TFT constituting a thin film integrated circuit that is to replace 
the conventional LSI formed from a semiconductor substrate. 

Embodiment 1 may have an additional step of doping the channel 
formation region with a slight amount of impurity element in order 
to control the threshold voltage of the TFT. As shown in Embodiment 
Modes, employing the crystalline silicon film with a high {101} 
lattice plane orientation ratio lowers the possibility of carriers, 
which flow across crystal grains, being trapped or scattered due 
to defects in grain boundaries . Therefore the field effect mobility 
can be increased and the sub- threshold coefficient can be reduced. 
In addition, ON current is increased to enhance the current driving 
ability. 
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The n-channel TFT of this embodiment may also be used to 
form a basic logic circuit such as a NAND circuit and a NOR circuit, 
or a more intricate logic circuit (such as a signal divider circuit, 
an operation amplifier and a y correction circuit). 

Embodiment 2 

This embodiment gives a description on an example of 
manufacturing a p-channel TFT with reference to Figs. 14A to 14D. 
In Fig. 14A, a crystalline silicon film containing germanium is 
formed on a substrate 301. The crystalline silicon film containing 
germanium, which is denoted by 303, may be formed in accordance 
with any one of the methods of Embodiment Modes 1 to 3 . In 
manufacturing a TFT from the film, the film is etched and divided 
into island- like films having given sizes in order to separate 
elements. When the substrate 301 is a glass substrate, a blocking 
layer 302 is formed. 

An insulating film 304 to be utilized as a gate insulating 
film is formed on the semiconductor film 303 to a thickness of 30 
to 200 nm. The insulating film 304 may be a silicon oxynitride film 
formed by plasma CVD from SiH 4 and N 2 0, or a silicon oxynitride film 
formed by plasma CVD from TEOS and N 2 0. In this embodiment, the 
former is chosen and the thickness thereof is set to 70 nm. 

Formed on the insulating film 304 is a conductive film 1 
composed of one or more elements selected from the group consisting 
of tantalum (Ta), tungsten (W) , titanium (Ti), aluminum (Al) and 
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molybdenum (Mo). A resist mask 305 is then formed through light 
exposure process , so that the conductive film is etched by dory etching 
to form a first shape conductive film 306 . The first shape conductive 
film is tapered around the edge. Etching conditions are set suitably. 
For example, if the conductive film is a W film, the film is etched 
properly by using mixture gas of CF 4 and Cl 2 and biasing the substrate 
to negative. Then a first impurity region 307 that is to constitute 
a source and drain region is formed. The impurity region 307 is 
formed through ion doping using an element belonging to Group 13 
in the periodic table, typically boron. The impurity concentration 
in the first impurity region 307 is set to 1 x 10 20 to 2 x 10 21 atoms/cm 3 . 

Next, the first shape conductive film 306 is etched so that 
its edge is trimmed as shown in Fig. 14B. A second shape conductive 
film 308 is thus obtained. According to the structure of this 
embodiment, the second shape conductive film serves as a gate 
electrode. The gate electrode is formed through two etching steps 
and the etching conditions are set suitably. For example, if the 
conductive film is a W film, the edge of the film is tapered properly 
by using mixture gas of CF 4 and Cl 2 and biasing the substrate to 
negative . When oxygen is mixed with CF 4 and Cl 2 , anisotropic etching 
can be performed on the W film with preferable selectivity regarding 
the base. 

Thereafter, the semiconductor film is doped with a p type 
impurity element (acceptor) using the second shape conductive film 
308 as a mask, whereby a second impurity region 309 is formed in 
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a self -aligning manner as shown in Fig. 14C. The impurity 
concentration in the second impurity region 309 is set to 1 x 10 17 
to 2 x 10 19 atoms/cm 3 . 

An interlayer insulating film 310 is then formed using a 
silicon nitride film or a silicon oxynitride film formed by plasma 
CVD. Heat treatment at a temperature of 350 to 500°C, which is 
necessary to activate the impurity element that has been used to 
dope the semiconductor film, is conducted after the interlayer 
insulating film 310 is formed. Through the heat treatment, hydrogen 
contained in the silicon nitride film or the silicon oxynitride 
film is released to diffuse into the crystalline silicon film 303 
containing germanium. As a result, defects in the crystalline 
silicon film can be repaired by hydrogen. When a source and drain 
electrode 311 is formed, a TFT is completed. 

The crystalline silicon film 303 has a channel formation 
region 312, an LDD region 309 that is the second impurity region, 
and a source or drain region 304 that is the first impurity region. 
The channel formation region 312 is formed of the crystalline silicon 
film of the present invention in which germanium is contained and 
the ratio of the {101} orientation is high. The channel formation 
region 312 shows excellent interface characteristics regarding the 
interface with the gate insulating film, has reduced defect density 
in grain boundaries and inside crystal grains, and can provide high 
field effect mobility. Although the p- channel TFT has the LDD 
structure here, it of course may have the single drain structure 
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or a structure in which the LDD region overlaps the gate electrode. 
The TFT fabricated in accordance with the present invention can 
be used as a TFT for manufacturing an active matrix liquid crystal 
display device or a display device whose pixel portion is composed 
of light emitting elements, or as a TFT constituting a thin film 
integrated circuit that is to replace the conventional LSI formed 
from a semiconductor substrate. 

Embodiment 2 may have an additional step of doping the channel 
formation region with a slight amount of impurity element in order 
to control the threshold voltage of the TFT. As shown in Embodiment 
Modes, employing the crystalline silicon film with a high {101} 
lattice plane orientation ratio lowers the possibility of holes, 
which flow across crystal grains, being trapped or scattered due 
to defects in grain boundaries even in a p-channel TFT. Therefore 
the field effect mobility can be increased and the sub-threshold 
coefficient can be reduced. In addition, ON current is increased 
to enhance the current driving ability. 

The p-channel TFT of this embodiment may also be used to 
form a basic logic circuit, or a more intricate logic circuit (such 
as a signal divider circuit, a D/A converter, an operation amplifier 
and a y correction circuit). The TFT also can constitute a memory 
or a microprocessor. For instance, a driver circuit of a liquid 
crystal device may be composed solely of p-channel TFTs of the present 
invention. 
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- Embodiment 3 

A description given in this embodiment with reference to 
Figs. 16A to 16G is about an example of manufacturing a CMOS TFT 
obtained by combining an n- channel TFT and a p- channel TFT 
complementarily . In Fig. 16A, a crystalline silicon film containing 
germanium is formed on a substrate 301. The crystalline silicon 
film containing germanium may be formed in accordance with any one 
of the methods of Embodiment Modes 1 to 3. In manufacturing a TFT 
from the film, the film is etched and divided into island- like 
semiconductor films 331 and 332 having given sizes in order to separate 
elements. When the substrate 301 is a glass substrate, a blocking 
layer 302 is formed. 

For the blocking layer 302, a silicon oxynitride film is 
formed by plasma CVD using SiH 4 and N 2 0 to a thickness of 50 to 200 
nm . Alternatively , the blocking layer may have a two- layer structure 
in which a silicon oxynitride film formed from SiH 4 , NH 3 and N 2 0 
by plasma CVD to a thickness of 50 nm and a silicon oxynitride film 
formed from SiH 4 and N 2 0 to a thickness of 100 nm are layered. The 
two- layer structure may instead be obtained by layering a silicon 
nitride film and a silicon oxynitride film that is formed using 
TEOS. 

The blocking layer 302 and an amorphous semiconductor film 
to be formed on the blocking layer may both be formed by plasma 
CVD. Therefore these layers can be formed in succession in the same 
reaction chamber of a single chamber CVD apparatus, or in a 
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multi- chamber CVD apparatus where the substrate is moved from one 
reaction chamber to another reaction chamber. In either case, the 
blocking layer and the amorphous semiconductor film are formed 
without being exposed to the air, thereby keeping the interface 
between the two clean. 

An insulating film 333 to be utilized as a gate insulating 
film is formed by plasma CVD or sputtering to a thickness of 40 
to 150 nm. In this embodiment, a silicon oxynitride film with a 
thickness of 70 nm is formed as the film 333 . A material particularly 
preferable as the gate insulating film is a silicon oxynitride film 
formed from SiH 4 , N 2 0 and 0 2 , for the fixed charge density in this 
film is low. The gate insulating film is not limited to the silicon 
oxynitride film given above, of course, but it may be a single layer 
of insulating film such as a silicon oxide film and a tantalum oxide 
film, or a laminate of those insulating films. 

A first conductive film 334 and a second conductive film 
335 for forming gate electrodes are formed on the insulating film 
333 . In this embodiment , the first conductive film 334 is a tantalum 
nitride film or a titanium film with a thickness of 50 to 100 nm 
whereas the second conductive film 335 is a tungsten film with a 
thickness of 100 to 300 nm. These materials are stable in heat 
treatment conducted in a nitrogen atmosphere at 400 to 600°C, and 
does not increase the resistivity much. 

Next, a resist mask 336 is formed as shown in Fig. 16B to 
conduct first etching treatment for forming the gate electrodes. 
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- The etching method is not limited to a particular method but, 
preferably, the ICP ( inductively coupled plasma) etching is employed 
In the etching treatment, CF 4 and Cl 2 are mixed as etching gas, and 
plasma is generated by giving RF (13,56 MHz) power of 500 W to a 
coiled electrode at a pressure of 0.5 to 2 Pa, preferably 1 Pa. 
RF (13.56 MHz) power of 100 W is also given to the substrate side 
(sample stage) so that substantially negative self -bias voltage 
can be applied. In the case where mixture of CF 4 and Cl 2 is used, 
the tungsten film and the tantalum nitride film or the titanium 
film are etched at almost the same rate. 

Under the etching conditions given above, the edges of the 
films can be tapered owing to the shape of the resist mask and the 
effect of the bias voltage applied to the substrate side. The angle 
of the tapered portion is set to 15 to 45°. In order to etch the 
films without leaving any residue on the gate insulating film, the 
etching time is prolonged by about 10 to 20%. The selective ratio 
of the silicon oxynitride film to the W film is 2 to 4 (typically, 
3), and hence the exposed surface of the silicon oxynitride film 
is etched by about 20 to 50 nm through the over-etching treatment. 
Through the first etching treatment, first shape conductive layers 
337 and 338 (first conductive layers 337a and 338a and second 
conductive layers 337b and 338b) are formed from the first conductive 
film and the second conductive film. Denoted by 339 is a gate 
insulating film and a region of the gate insulating film which is 
not covered with the first shape conductive layers is etched and 
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- thinned by about 20 to 50 nm. 

Then first doping treatment is performed to dope the film 
with an n type impurity (donor) . The doping is made by ion doping 
or ion implantation. In ion doping, the dose is set to 1 x 10 13 
to 5 x 10 14 atoms/cm 2 . Used as the impurity element for imparting 
the n type conductivity is a Group 15 element, typically phosphorus 
(P) or arsenic (As) . In this case, the first shape conductive layers 
337 and 338 serve as masks against the element used for the doping 
and the acceleration voltage is adjusted appropriately (20 to 60 
keV, for example). The impurity element thus passes through the 
gate insulating film 339 to form fifth impurity regions 340 and 
341. The phosphorus (P) concentration in first impurity regions 
725 to 729 is set to 1 x 10 20 to 1 x 10 21 atoms/cm 3 . 

Second etching treatment is then conducted as shown in Fig. 
16C. In this etching treatment, ICP etching is employed, CF 4 and 
Cl 2 and 0 2 are mixed as etching gas , and plasma is generated by giving 
RF (13.56 MHz) power of 500 W to a coiled electrode at a pressure 
of 1 Pa. RF (13.56 MHz) power of 50 W is also given to the substrate 
side (sample stage) so that a self -bias voltage lower than that 
of the first etching treatment can be applied. The tungsten film 
is subjected to anisotropic etching under these conditions so that 
the tantalum nitride film or the titanium film serving as the first 
conductive layers is remained. In this way, second shape conductive 
layers 342 and 343 (first conductive films 342a and 343a and second 
conductive films 342b and 343b) are formed. Denoted by 346 is a 
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- gate insulating film and a region of the gate insulating film which 
is not covered with the second shape conductive layers 342 and 343 
is further etched and thinned by about 20 to 50 nm. 

Then second doping treatment is carried out as shown in Fig. 
16D. This time, the film is doped with an n type impurity (donor) 
in a dose smaller than in the first doping treatment at a high 
acceleration voltage. For example, the acceleration voltage is set 
to 70 to 120 keV and the dose is set to 1 x 10 13 atoms/cm 3 . As a 
result , impurity regions are formed inside the first impurity regions 
that have been formed in the island- like semiconductor films in 
Fig. 16C. In the second doping treatment, the second conductive 
films 342b and 343b are used as masks against the impurity element 
and the impurity element reaches regions below the first conductive 
films 342a and 343a. Thus formed are sixth impurity regions 344 
and 345 that overlap the first conductive films 342a and 343a , 
respectively. Since the remaining second conductive layers 342b 
and 34 3b have almost the same thickness , the concentration difference 
along the second conductive layers is not large and the concentration 
in the sixth impurity regions is 1 x 10 17 to 1 x 10 19 atoms/cm 3 . 

As shown in Fig. 16E, third etching treatment is then 
conducted to etch the gate insulating film 346. As a result, the 
second conductive films are also etched and their edges are trimmed 
to reduce the size of the films. Third shape conductive layers 347 
and 348 are thus formed. A region denoted by 349 in Fig. 16E is 
a remaining part of the gate insulating film. 
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Then a resist mask 350 is formed as shown in Fig. 16F so 
that the island-like semiconductor film 331 for forming the p-channel 
TFT is doped with a p type impurity (acceptor). Typically, boron 
( B ) is used . The impurity concentration in seventh impurity regions 
351 and 352 is set to 2 x 10 20 to 2 x 10 21 atoms/cm 3 . Thus the regions 
are doped with boron in a concentration 1 . 5 to 3 times higher than 
the concentration of phosphorus that has already been contained 
in the regions, thereby inverting the conductivity of the regions. 

The impurity regions are formed in each island- like 
semiconductor film through the above steps. The third shape 
conductive layers 347 and 348 serve as gate electrodes . Thereafter , 
as shown in Fig. 16E, a protective insulating film 353 is formed 
from a silicon nitride film or a silicon oxynitride film by plasma 
CVD. The impurity elements used to dope the island- like 
semiconductor films are then activated for controlling the 
conductivity type. The activation is preferably made by thermal 
annealing that uses an annealing furnace. Laser annealing or rapid 
thermal annealing (RTA) may be employed instead. Thermal annealing 
is conducted in a nitrogen atmosphere having an oxygen concentration 
of 1 ppm or less , preferably 0 . 1 ppm or less , at 400 to 700°C , typically 
400 to 600°C. In this embodiment, the film is subjected to heat 
treatment at 500°C for four hours. 

A silicon nitride film 354 is formed and subjected to heat 
treatment at 350 to 500°C. Hydrogen is released from the silicon 
nitride film 354 as a result and hydrogen diffuses to the island-like 
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- semiconductor films. The island-like semiconductor films are thus 
hydrogenated . 

An interlayer insulating film 355 is formed of an organic 
insulating material such as polyimide and acrylic in order to level 
the surface. A silicon oxide film formed by plasma CVD using TEOS 
may of course be adopted instead, but it is desirable to choose 
the above organic insulating material from the viewpoint of better 
levelness . 

Contact holes are formed next , so that source or drain wirings 
356 to 359 are formed from Al, Ti, Ta or the like. 

A p-channel TFT 365 has a channel formation region 360, and 
has the seventh impurity regions 349 and 350 that function as source 
regions or drain regions. An n-channel TFT 366 has a channel 
formation region 361; a sixth impurity region 362a overlapping the 
gate electrode that is formed of the third shape conductive layer 
348 (gate overlapped drain: GOLD region); a sixth impurity region 
362b formed outside the gate electrode (LDD region); and a fifth 
impurity region 363 functioning as a source region or a drain region. 

Through the above steps, a CMOS TFT in which an n-channel 
TFT and a p-channel TFT are combined complementarily can be obtained. 
In the n-channel TFT, the LDD region is formed between the channel 
formation region and the drain region to avoid concentration of 
electric field at the edge of the drain. The CMOS TFT as such can 
be used to form a driver circuit of an active matrix liquid crystal 
display device or of a display device whose pixel portion is Composed 
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- of light emitting elements. Other than this use, the n-channel TFT 
or the p-channel TFT as above can be applied to a transistor for 
forming a pixel portion . The TFT may also be used as a TFT constituting 
a thin film integrated circuit that is to replace the conventional 
LSI formed from a semiconductor substrate. 

As shown in Embodiment Modes, employing the crystalline 
silicon film with a high {101} lattice plane orientation ratio lowers 
the possibility of carriers , which flow across crystal grains , being 
trapped or scattered due to defects in grain boundaries. Therefore 
the field effect mobility can be increased and the sub-threshold 
coefficient can be reduced. In addition, ON current is increased 
to enhance the current driving ability. 

Using the CMOS circuit of this embodiment in combination, 
a basic logic circuit or a more intricate logic circuit (such as 
a signal divider circuit, a D/A converter, an operation amplifier 
and a y correction circuit) can be formed. It also can constitute 
a memory or a microprocessor. 

Embodiment 4 

This embodiment gives a description on an example of the 
structure of a monolithic liquid crystal display device with 
reference to Figs. 17 and 18. A monolithic liquid crystal display 
device is a device in which a pixel portion and a driver circuit 
are formed on the same substrate. The crystalline silicon film of 
the present invention which contains germanium is used to' form an 
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. active region of a switching TFT for the pixel portion and active 
regions of n-channel and p-channel TFTs for the driver circuit. 
The crystalline silicon film containing germanium may be formed 
in accordance with any one of the methods of Embodiment Modes 1 
to 3. 

A substrate 401 in Fig. 17 is preferably a glass substrate 
such as barium borosilicate glass substrate or an alumino 
borosilicate glass substrate . Aquartz substrate may be used instead 
When the substrate 401 is a glass substrate, a blocking layer 402 
is formed. 

The structure is not limited for a switching pixel TFT 442 
in a pixel portion 445 and for an n-channel TFT 441 and a p-channel 
TFT 440 of a driver circuit 444. The description of this embodiment 
is made taking as an example a TFT formed in accordance with Embodiment 
3 . Needless to say, a TFT according to Embodiment 1 or a TFT according 
to Embodiment 2 may also be employed. 

In the driver circuit 444, wirings 408 and 417, and source 
or drain wirings 418 to 421 are formed. In the pixel portion 445, 
a pixel electrode 424, a gate wiring 423, a connection electrode 
422 and a source wiring 409 are formed. 

The p-channel TFT 453 of the driver circuit 444 has, in a 
semiconductor film 403 , a channel formation region 426 and a seventh 
impurity region 427 that functions as a source region or a drain 
region . 

The n-channel TFT 441 has, in a semiconductor film 404, a 
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_ channel formation region 428; a sixth impurity region 429a 
overlapping a gate electrode that is formed of a third shape conductive 
layer 411 (GOLD region) ; a sixth impurity region 429b formed outside 
the gate electrode (LDD region); and a fifth impurity region 430 
functioning as a source region or a drain region. 

The pixel TFT 442 has , in a semiconductor film 405 , a channel 
formation region 431; a sixth impurity region 432a overlapping a 
gate electrode that is formed of a third shape conductive layer 
412 (GOLD region); a sixth impurity region 432b formed outside the 
gate electrode (LDD region); and fifth impurity regions 433, 434 
and 435 functioning as source regions or drain regions. A 
semiconductor film 406 functions as one of electrodes of a capacitor 
storage 443, and has a sixth impurity region 437, a fifth impurity 
region 438 and a region 436 that is not doped with an impurity. 

In the pixel portion 445, the source wiring 409 is 
electrically connected through the connection electrode 422 to the 
source or drain region 433 of the pixel TFT 442. The gate wiring 
423 is electrically connected to the third shape conductive layer 
412 that functions as a gate electrode. The pixel electrode 424 
is connected to the source or drain region 435 of the pixel TFT 
442 and to the impurity region 438 of the semiconductor film 406 
that is one of electrodes of the capacitor storage 443. 

The sectional view of the pixel portion 44 5 in Fig. 17 is 
taken along the line A-A' in Fig. 18. The third shape conductive 
layer 412 functioning as a gate electrode doubles as one of electrodes 
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_ of a capacitor storage of an adjacent pixel, and partially overlaps 
a semiconductor film 453 that is connected to a pixel electrode 
452 to form a capacitance . The source wiring 407 , the pixel electrode 
424 and an adjacent pixel electrode 451 are arranged such that the 
ends of the pixel electrodes 424 and 451 are placed on the source 
wiring 407 to form an overlapping portion. The overlapping portion 
blocks stray light and enhances light -shielding property of the 
device . 

Embodiment 5 

In such a case of n-channel type TFT, elements belonging to 
the group 15 in the periodic table (preferably, phosphorus) or 
elements belonging to the group 13 in the periodic table (preferably, 
boron) may be added to the semiconductor in the channel forming 
region to selectively fabricate the enhancement type and depletion 
type. 

In a case where an NMOS circuit is formed by combining the 
n-channel TFTs , it is formed as a combination of enhancement -type 
TFTs (hereinafter referred to as "EEMOS circuit") or a combination 
of depletion- type and enhancement- type TFTs (hereinafter referred 
to as "EDMOS circuit"). 

Fig. 19A shows an example of the EEMOS circuit, and Fig. 19B 
shows an example of the EDMOS circuit. Each of components 31 and 
32 shown in Fig. 19A is an E-type NTFT. Components 33 shown in Fig. 
19B is an E-type NTFT and 34 is a depletion type of n-channel TFT 
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(hereinafter referred to as "D-type NTFT" ) , respectively. 

In Figs. 19A and 19B, V DH designates a power supply line to 
which a positive voltage is applied (positive power supply line), 
and V DL designates a power supply line to which a negative voltage 
is applied (negative power supply line) . The negative power supply 
line may be a ground-potential power supply line (grounded power 
supply line) . 

Fig. 20 shows an example of a shift register formed by using 
the EEMOS circuit shown in Fig. 19A or the EDMOS circuit shown in 
Fig. 19B. Portions 40 and 41 of Fig. 20 are flip-flop circuits. 
Components 42 and 43 are E-type NTFTs . A clock signal (CL) is input 
to the gate of the E-type NTFT 42, and a clock signal (CL-bar) of 
the opposite polarity is input to the gate of the E-type NTFT 43. 
A symbol indicated by 44 represents an inverter circuit. To form 
this inverter circuit, the EEMOS circuit shown in Fig. 19A or the 
EDMOS circuit shown in Fig. 19B is used, as shown in Fig. 19B. 
Therefore all of driver circuits of the liquid crystal display device 
can be structured by n-channel type TFT. 

Embodiment 6 

The description given below with reference to Fig. 21 and 
Figs. 22A and 22B is about an example of manufacturing a display 
device composed of light emitting elements that provide 
electroluminescence (hereinafter abbreviated as EL) fromTFTs formed 
in accordance with Embodiments 1 to 5 . EL defined here rfef ers to 



63 



- either light emission by singlet excitation (fluorescence) or light 
emission by triplet excitation (phosphorescence), or both. 

Fig. 21 shows an example of a light emitting device in which 
a pixel portion and a driver circuit for driving the pixel portion 
are formed on the same insulator (the device shown is not sealed 
yet). In Fig. 21, a CMOS circuit that is the basic unit is shown 
as the driver circuit and only one pixel is shown in the pixel portion . 
This CMOS circuit is obtained in accordance with Embodiment 3 . 

In Fig. 21, an insulator is denoted by 600. Formed on the 
insulator 600 are: an n-channel TFT 601; a p-channel TFT 602; a 
switching TFT 603 that is a p-channel TFT; and a current controlling 
TFT 604 that is an n-channel TFT. The TFTs in this embodiment are 
all reversed stagger TFTs. 

The n-channel TFT 601 and the p-channel TFT 602 are as 
described in Embodiment 3 and hence the explanations thereof are 
omitted here. The switching TFT 603 has a structure in which two 
channel formation regions are formed between a source region and 
a drain region (double gate structure). The explanation of the 
switching TFT is also omitted because it can easily be understood 
if the description on the structure of the p-channel TFT in Embodiment 
2 is consulted. The TFT of this embodiment is not limited to the 
double gate structure but may take the single gate structure in 
which one channel formation region is formed or the triple gate 
structure in which three channel formation regions are formed. 

A contact hole is formed in a first interlayer insulating 
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. film 606 on a drain region 605 of the current controlling TFT 604 
before a second interlayer insulating film 607 is formed. This is 
to facilitate the etching process when a contact hole is formed 
in the second interlayer insulating film 607 . The contact hole formed 
in the second interlayer insulating film 607 reaches the drain region 
605, and a pixel electrode 608 connected to the drain region 605 
is provided. The pixel electrode 608 is an electrode functioning 
as a cathode of a light emitting element , and is formed of a conductive 
film containing an element that belongs to Group 1 or 2 in the periodic 
table . In this embodiment , a conductive film of a compound of lithium 
and aluminum is used. 

Denoted by 613 is an insulating film formed to cover the 
end of the pixel electrode 608, and the insulating film is called 
herein as a bank. The bank 613 may be formed of an insulating film 
containing silicon or a resin film. When a resin film is used, carbon 
particles or metal particles are put in the resin film so that the 
resistivity of the resin film is changed to 1 x 10 6 to 1 x 10 12 Qm 
(preferably 1 x 10 8 to 1 x 10 10 Qm) . This prevents puncture upon 
film formation. 

A light emitting element 609 is composed of the pixel 
electrode (cathode) 608, an EL layer 611 and an anode 612. The anode 
612 is formed of a conductive film having a large work function, 
typically, an oxide conductive film. Examples of the usable oxide 
conductive film include an indium oxide film, a tin oxide film, 
a zinc oxide film, and a compound film of these oxides. 1 



65 



The EL layer in this specification refers to a laminate 
obtained by combining a light emitting layer with a hole injection 
layer, a hole transportation layer , a hole blocking layer, an electron 
transportation layer, an electron injection layer, or an electron 
blocking layer. 

A known organic EL material or a known inorganic EL material 
can be used for the EL layer. Organic EL materials can be divided 
into low molecular weight (monomer-based) materials and high 
molecular weight (polymer-based) materials, and both types can be 
used. A thin film formed from a light emitting material that emits 
light (fluorescence) by singlet excitation (singlet compound) or 
a thin film formed from a light emitting material that emits light 
(phosphorescence) by triplet excitation (triplet compound) may be 
used for the EL layer. 

Though not shown, it is effective to form a passivation film 
so as to cover the light emitting element 609 completely after the 
anode 612 is formed. For the passivation film, an insulating film 
such as a carbon film, a silicon nitride film or a silicon oxynitride 
film is formed. The passivation film may be a single layer or laminate 
of these insulating films. 

Described next with reference to Figs. 22A and 22B is the 
display device that has finished the process up through the sealing 
(or enclosing) step for protecting the light emitting element. 

Fig . 22A is a top view of the display device that has finished 
the process up through the step of sealing the light emitting element . 
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- Fig. 22B is a sectional view taken along the line A-A ' in Fig. 22A. 
A pixel portion, a source side driver circuit and a gate side driver 
circuit are indicated by the dotted lines and denoted by 701, 702 
and 703, respectively. Denoted by 704 is a cover member, 705, a 
first sealing member, and 706, a second sealing member. 

Reference symbol 708 denotes a wiring for transmitting a 
signal to be inputted to the source side driver circuit 702 and 
the gate side driver circuit 703. The wiring 708 receives a video 
signal or a clock signal from an FPC (flexible printed circuit) 
708 that serves as an external input terminal. Although only the 
FPC is shown here, a printed wiring board (PWB) may be attached 
to the FPC. 

Next , the sectional structure of the device will be described 
with reference to Fig. 22B. A pixel portion and a source side driver 
circuit 709 are formed on an insulator 700. The pixel portion is 
composed of a plurality of pixels each having a current controlling 
TFT 710 and a pixel electrode 711 that is electrically connected 
to a drain of the TFT 710. The source side driver circuit 709 is 
composed of a CMOS circuit in which an n-channel TFT and a p-channel 
TFT are combined. A polarizing plate (typically a circular 
polarizing plate) may be bonded to the insulator 700. 

A bank 712 is formed on each end of the pixel electrode 711. 
On the pixel electrode 711, an EL layer 713 and an anode 714 of 
the light emitting element are formed. The anode 714 also functions 
as a wiring shared by all the pixels, and is electrically connected 
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. to an FPC 716 through a connection wiring 715. All of the elements 
in the pixel portion and in the source side driver circuit 709 are 
covered with a passivation film (not shown) . 

The cover member 704 is bonded by the first sealing member 
705. A spacer may be provided to ensure the distance between the 
cover member 704 and the EL element. A gap 717 is formed in a space 
defined by the first sealing member 705. The first sealing member 
705 is desirably formed of a material that does not transmit moisture 
or oxygen. It is effective to place, in the gap 717, a substance 
having a hygroscopic effect or a substance having an anti-oxidizing 
effect . 

It is appropriate to cover the front surface and the back 
surface of the cover member 704 with protective films made of carbon 
films (specifically, diamond-like carbon films) each having a 
thickness of 2 to 30 nm. The carbon films (not shown here) 
mechanically protect the surfaces of the cover member 704 as well 
as prevent permeance of oxygen and moisture. 

After the cover member 704 is bonded, the second sealing 
member 706 is formed so as to cover the exposed surface of the first 
sealing member 705. The second sealing member 706 may be formed 
from the same material as the first sealing member 705. 

The light emitting element is thus sealed by the structure 
above, thereby cutting the light emitting element off from the 
surroundings completely. This prevents moisture, oxygen and other 
external substances that accelerate degradation of the EL layer 
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through oxidization from entering the element. Accordingly, a 
display device of high reliability can be obtained. 



Embodiment 7 

This embodiment gives more detailed descriptions on the pixel 
portion of the display device obtained in Embodiment 4. The top 
structure of the pixel portion is shown in Fig. 23A whereas the 
circuit diagram thereof is shown in Fig. 23B. Common reference 
symbols are used in Fig. 23A and Fig. 23B to be cross-referred. 

A switching TFT 802 has a source connected to a source wiring 
815 and has a drain connected to a drain wiring 805 . The drain wiring 
805 is electrically connected to a gate electrode 807 of a current 
controlling TFT 806. The current controlling TFT 806 has a source 
electrically connected to a current supply line 816 and has a drain 
electrically connected to a drain wiring 817. The drain wiring 817 
is electrically connected to a pixel electrode (cathode) 818 
indicated by the dotted line. 

A capacitor storage is formed here in a region denoted by 
819. The capacitor storage 819 is composed of a semiconductor film 
820 that is electrically connected to the current supply line 816, 
an insulating film ( not shown ) on the same layer as the gate insulating 
film, and the gate electrode 807. A capacitor composed of the gate 
electrode 807, the same layer (not shown) as the first interlayer 
insulating film, and the current supply line 816 may also be used 
as a capacitor storage. 
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Embodiment 8 

This embodiment shows an example of the circuit structure 
of the display device described in Embodiment 4 or 5 with reference 
to Fig. 24. The circuit structure shown in this embodiment is for 
digital driving. The structure according to this embodiment has 
a source side driver circuit 901, a pixel portion 906 and a gate 
side driver circuit 907. The driver circuit herein is a generic 
term for a source side driver circuit and a gate side driver circuit. 

The source side driver circuit 901 is provided with a shift 
register 902, a latch (A) 903, a latch (B) 904, and a buffer 905. 
In the case of analog driving, a sampling circuit (transfer gate) 
is provided in place of the latches (A) and (B) . The gate side driver 
circuit 907 is provided with a shift register 908 and a buffer 909. 

In this embodiment, the pixel portion 906 includes a 
plurality of pixels, each of which is provided with a light emitting 
element. It is preferable that a cathode of the light emitting 
element is electrically connected to a drain of a current controlling 
TFT. 

The source side driver circuit 901 and the gate side driver 
circuit 907 are composed of n-channel TFTs or p-channel TFTs obtained 
in accordance with Embodiments 1 to 3. 

Though not shown, another gate side driver circuit may be 
added opposite the gate side driver circuit 907 across the pixel 
portion 906. In this case, two of the gate side driver circuits 
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have the same structure and share a gate wiring, so that the other 
can send a gate signal in place of the broken one to make the pixel 
portion operate normally. 

The above structure is realized by manufacturing TFTs in 
accordance with the manufacturing process of one of Embodiments 
1 to 3. 

Embodiment 9 

This embodiment gives a specific example of the exemplary 
circuit structure shown in Embodiment 8 for the display device whose 
pixel portion is composed of light emitting elements. Described 
in this embodiment in particular is the case where the source side 
driver circuit and the gate side driver circuit are all composed 
of the E type NTFTs of Embodiment 1. The description will be given 
with reference to Figs. 25 to 27. This embodiment uses, instead 
of the shift register, a decoder that is comprised of only n-channel 
TFTs . 

Fig. 25 shows an example of the gate side driver circuit. 
In Fig. 25, reference symbol 1000 denotes a decoder of the gate 
side driver circuit and 1001 denotes a buffer unit of the gate side 
driver circuit. The buffer unit refers to a part where a plurality 
of buffers ( buffer amplifiers ) are integrated . A buffer is a circuit 
that drives without transferring the influence of the downstream 
to the upstream. 

First , the gate side decoder 1000 will be described . - Denoted 
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_ by 1002 are input signal lines (hereinafter referred to as selection 
lines) of the decoder 1000. Of the lines 1002, lines Al , A 1 (for 
a signal obtained by inverting the polarity of Al), A2, A 2 (for 
a signal obtained by inverting the polarity of A2 ) , An , A n (for 
a signal obtained by inverting the polarity of An) are shown here- 
in short, 2n selection lines are arranged. 

The number of selection lines is determined by the number 
of rows of gate wirings outputted from the gate side driver circuit. 
For instance, if the display device has a pixel portion capable 
of VGA level display, the number of gate wiring is 480 and hence 
selection lines corresponding to 9 bits (n = 9) , namely, 18 selection 
lines in total are required. The selection lines 1002 send signals 
shown in a timing chart of Fig. 26. As shown in Fig. 26, when the 
frequency of Al is given as 1 , the frequency of A2 is 2" 1 times thereof , 
the frequency of A3 is 2" 2 times thereof, and the frequency of An 
is 2" (n " 1} times thereof. 

Reference symbol 1003a denotes a first stage NAND circuit 
(also called a NAND cell) , 1003b denotes a second stage NAND circuit , 
and 1003c denotes an n-th stage NAND circuit . The number of required 
NAND circuits corresponds to the number of gate wirings and n NAND 
circuits are needed here. In short, the decoder 1000 of the present 
invention is comprised of a plurality of NAND circuits. 

Each of the NAND circuits 1003a to 1003c has a combination 
of n-channel TFTs 1004 to 1009. Actually, 2n TFTs are used in each 
of the NAND circuits 1003. The n-channel TFTs 1004 to 1009 each 
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have a gate that is connected to one of the selection lines 1002 
(Al, A 1, A2, A 2, ... An, A n). 

In the NAND circuit 1003a, the n-channel TFTs 1004 to 1006 
each having a gate connected to one of the lines Al , A2 , ... An (these 
lines will be referred to as positive selection lines) are connected 
to one another in parallel, and connected to a negative power supply 
line (V DL ) 1010 as the common source and to an output line 1011 as 
the common drain. The n-channel TFTs 1007 to 1009 each having a 
gate connected to one of the lines A 1, A 2 , «. A n (these lines 
will be referred to as negative selection lines) are connected to 
one another in series, and the n-channel TFT 1009 positioned at 
an end of the circuit has its source connected to a positive power 
supply line (V DH ) 1012 whereas the n-channel TFT 1007 positioned 
at the other end of the circuit has its drain connected to the output 
line 1011. 

As described above, each NAND circuit of the present 
invention includes n n-channel TFTs that are connected in series 
and n n-channel TFTs that are connected in parallel. However, the 
combination of the n-channel TFTs and the selection lines is different 
from one circuit to the other circuit out of the n NAND circuits 
1003a to 1003c. In other words, only one output line 1011 is selected 
at a time and the selection lines 1002 receive signals that select 
the output lines 1011 one by one starting from an end. 

The buffer unit 1001 is composed of a plurality of buffers 
1013a to 1013c in accordance with the NAND circuits 1003a to 1003c, 
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. respectively. The buffers 1013a to 1013c may all be structured in 
the same way. 

Each of the buffers 1013a to 1013c is composed of n-channel 
TFTs 1014 to 1016 . The output line 1011 from the decoder is inputted 
as a gate of the n-channel TFT 1014 (a first n-channel TFT). The 
n-channel TFT 1014 uses a positive power supply line (V DH ) 1017 as 
its source and uses as its drain a gate wiring 1018 that leads to 
the pixel portion. The n-channel TFT 1015 (a second n-channel TFT) 
uses the positive power supply line (V DH ) 1017 as its gate, a negative 
power supply line (V DL ) 1019 as its source, and the gate wiring 1018 
as its drain. The n-channel TFT 1015 is always kept turned ON. 

In other words, each of the buffers 1013a to 1013c of the 
present invention has the first n-channel TFT (the n-channel TFT 
1014) and the second n-channel TFT (the n-channel TFT 1015) that 
is connected in series to the first n-channel TFT and uses as its 
gate the drain of the first n-channel TFT. 

The n-channel TFT 1016 (a third n-channel TFT) uses a reset 
signal line (Reset) as its gate, the negative power supply line 
(V DL ) 1019 as its source, and the gate wiring 1018 as its drain. 
The negative power line (V DL ) 1019 may be a ground power supply line 
(GND) . 

The channel width of the n-channel TFT 1015 (Wl) and the 
channel width of the n-channel TFT 1014 (W2) satisfy the relation 
Wl < W2 . The channel width refers to the length of a channel formation 
region in the direction perpendicular to the channel length. 
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The buffer 1013a operates as follows. First, during a 
negative voltage is applied to the output line 1011, the n-channel 
TFT 1014 is in an OFF state (a state in which a channel is not 
established) . On the other hand, the n-channel TFT 1015 is always 
in an ON state (a state in which a channel is established) and hence 
the voltage of the negative power supply line 1019 is applied to 
the gate wiring 1018. 

When a positive voltage is applied to the output line 1011, 
the n-channel TFT 1014 is turned ON. At this point, the electric 
potential of the gate wiring 1018 is influenced by the output on 
the n-channel TFT 1014 side because the channel width of the n-channel 
TFT 1014 is greater than the channel width of the n-channel TFT 
1015. As a result, the voltage of the positive power supply line 
1017 is applied to the gate wiring 1018. The gate wiring 1018 thus 
outputs a positive voltage (a voltage that turns the n-channel TFT 
used as a switching element of a pixel ON) when a positive voltage 
is applied to the output line 1011 . On the other hand, when a negative 
voltage is applied to the output line 1011 , the gate wiring 1018 
always outputs a negative voltage (a voltage that turns the n-channel 
TFT used as a switching element of a pixel OFF). 

The n-channel TFT 1016 is used as a reset switch for forcedly 
lowering the positive voltage applied to the gate wiring 1018 to 
the negative voltage. Specifically, the n-channel TFT 1016 inputs 
a reset signal when the selection period for the gate wiring 1018 
is ended so that the negative voltage is applied to the gate wiring 
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. 1018. However, the n- channel TFT 1016 may be omitted. 

The gate side driver circuit operating as above selects the 
gate wirings one by one. Next, the structure of the source side 
driver circuit is shown in Fig. 27. The source side driver circuit 
shown in Fig. 27 includes a decoder 1021, a latch 1022 and a buffer 
unit 1023. The structure of the decoder 1021 and the buffer unit 
1023 are the same as the decoder and the buffer unit of the gate 
side driver circuit, and explanations thereof are omitted here. 

In the case of the source side driver circuit of Fig. 27, 
the latch 1022 is composed of a first stage latch 1024 and a second 
stage latch 1025. The first stage latch 1024 and the second stage 
latch 1025 each have a plurality of basic units 1027 each of which 
is composed of m n-channel TFTs 1026a to 1026c. An output line 1028 
from the decoder 1021 is inputted to gates of the m n-channel TFTs 
1026a to 1026c that constitute each of the basic units 1027. The 
symbol m represents an arbitrary integer. 

If the display device is capable of VGA level display, for 
instance, there are 640 source wirings. When m = 1, the number of 
required NAND circuits is also 640 and 20 selection lines 
(corresponding to 10 bits) are needed. When m = 8, required NAND 
circuits are 80 and 14 selection lines (corresponding to 7 bits) 
are needed. In short, the number of required NAND circuits is M/m 
given the number of source wirings is M. 

Sources of the n-channel TFTs 1026a to 1026c are respectively 
connected to video signal lines (VI, V2 , „. Vk) 1029. Therefore, 
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. when a positive voltage is applied to the output line 1028, the 
n-channel TFTs 1026a to 1026c are turned ON at once and video signals 
associated with the respective TFTs are inputted . The video signals 
thus inputted are held in capacitors 1030a to 1030c that are connected 
to the n-channel TFTs 1026a to 1026c, respectively. 

The second stage latch 1025 has a plurality of basic units 
1027b. Each of the basic units 1027b is composed of m n-channel 
TFTs 1031a to 1031c. Gates of the n-channel TFTs 1031a to 1031c 
are all connected to a latch signal line 1032, so that the n-channel 
TFTs 1031a to 1031c are turned ON at once when a negative voltage 
is applied to the latch signal line 1032. 

As a result, signals that have been held in the capacitors 
1030a to 1030c are now held by capacitors 1033a to 1033c that are 
connected to the n-channel TFTs 1031a to 1031c, respectively. At 
the same time, the signals that have been held in the capacitors 
1030a to 1030c are outputted to thebuf f er unit 1023 . Then the signals 
are outputted through the buffers to a source wiring 1034 as 
illustrated in Fig. 25. The source side driver circuit operating 
as above selects the source wirings one by one. 

As described above, a pixel portion and a driver circuit 
can all be composed of n-channel TFTs by making a gate side driver 
circuit and a source side driver circuit solely from n-channel TFTs . 

Embodiment 10 

In this embodiment, the specific example of circuit structure 
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- of display device shown in Embodiment 8 . Especially this embodiment 
is such a case that p-channel TFT which is described in Embodiment 
2 is used in the source side driver circuit and the gate side driver 
circuit. A decoder employing p-channel TFTs as shown in Fig. 1 is 
used. Fig. 28 illustrates an example of a gate-side driver circuit. 

In Fig. 28, reference numeral 1200 denotes a decoder in the 
gate-side driver circuit, and 1201 denotes a buffer section of the 
gate- side driver circuit. Here, the buffer section refers to a 
section in which a plurality of buffers (buffer amplifiers) are 
integrated. Furthermore, the buffer refers to a circuit capable 
of exhibiting the driving capability without providing any adverse 
effects of a subsequent stage on a previous stage. 

The gate-side decoder 1200 will be now described. Reference 
numeral 1202 denotes input signal lines (hereinafter referred to 
as the selection lines) of the decoder 1200, and more specifically 
indicates Al , Al bar (a signal having an inverted polarity with 
respect to Al), A2 , A2 bar (a signal having an inverted polarity 
with respect to A2) , . . . , An, and An bar (a signal having an inverted 
polarity with respect to An) . In other word, it can be considered 
that the 2n selection lines are arranged. 

The number of the selection lines is determined based on the 
number of gate wirings to be output from the gate- side driver circuit . 
For example, in the case where a pixel section for VGA display is 
provided, 480 gate wirings are required, which in turn requires 
a total of 18 selection lines to be provided for 9 bits ( corresponding 
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to the case where n=9) . The selection lines 1202 transmit signals 
shown in the timing chart in Fig. 29. As shown in Fig. 29, assuming 
that a frequency of Al is normalized to be 1 , a frequency of A2 
can be expressed as 2* 1 , a frequency of A3 can be expressed as 2" 2 , 
and a frequency of An can be expressed as 2~ (n_1) . 

Reference numeral 1203a denotes a first-stage NAND circuit 
(also referred to as the NAND cell), while 1203b and 1203c denote 
a second-stage and an n-th stage NAND circuits, respectively. The 
required number of the NAND circuits is equal to the number of the 
gate wirings, and specifically, n NAND circuits are required here. 
In other word, the decoder 1200 in accordance with the present 
invention is composed of a plurality of the NAND circuits. 

In each of the NAND circuits 1203a to 1203c, p-channel TFTs 
1204 to 1209 are combined to form a NAND circuit. Actually, 2n TFTs 
are employed in each of the NAND circuits 1203. Furthermore, a gate 
of each of the p-channel TFTs 1204 to 1209 is connected to either 

one of the selection lines 1202 (Al, Al bar, A2 , A2 bar An, 

An bar) . 

In this case, in the NAND circuit 1203a, the p-channel TFTs 
1204 to 1206 that respectively have the gates connected to any of 
Al, A2, . . . , An (which are referred to as the positive selection 
lines ) are connected to each other in parallel , and further connected 
to a positive power source wiring (V DH ) 1210 as a common source, 
as well as to an output line 1211 as a common drain. On the other 
hand, the remaining p-channel TFTs 1207 to 1209 that respectively 



- have the gates connected to any of Al bar, A2 bar, . . . , An bar (which 
are referred to as the negative selection lines) are connected to 
each other in series , and a source of the p-channel TFT 1209 positioned 
at one end of the circuit is connected to a negative power source 
wiring (V DL ) 1212 while a drain of the p-channel TFT 1207 positioned 
at the other end of the circuit is connected to the output line 
1211. 

As described in the above, the NAND circuit in accordance with 
the present invention includes the n TFTs of one conductivity type 
(the p-channel TFTs in this case) connected in series and the other 
n TFTs of the one conductivity type (the p-channel TFTs in this 
case) connected in parallel. It should be noted that in the n NAND 
circuits 1203a to 1203c, all of combinations among the p-channel 
TFTs and the selection lines are different from each other. In other 
word, the output lines 1211 are configured so that only one of them 
is selected, and signals are input to the selection lines 1202 such 
that the output lines 1211 are sequentially selected from one side 
thereof . 

Then, the buffer 1201 is composed of a plurality of buffers 
1213a to 1213c so as to respectively correspond to the NAND circuits 
1203a to 1203c. It should be noted that the buffers 1213a to 1213c 
may have the same structure. 

Furthermore, the buffers 1213a to 1213c are formed with 
p-channel TFTs 1214 to 1216 as TFTs of one conductivity type. The 
output line 1211 from the decoder is input as a gate' of the 
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. corresponding p-channel TFT 1214 ( a first TFT of the one conductivity 
type) . The p-channel TFT 1214 utilizes a ground power source wiring 
(GND) 1217 as its source, and a gate wiring 1218 as its drain. Moreover, 
the p-channel TFT 1215 (a second TFT of the one conductivity type) 
utilizes the ground power source line 1217 as its gate, a positive 
power source line (V DH ) 1219 as its source, and the gate wiring 1218 
as its drain. The p-channel TFT 1215 is always in the ON state. 

In other words , each of the buffers 1213a to 1213c in accordance 
with the present invention includes the first TFT of the one 
conductivity type (the p-channel TFT 1214), and further includes 
the second TFT of the one conductivity type (the p-channel TFT 1215) 
that is connected to the first TFT of the one conductivity type 
in series and utilizes the gate of the first TFT of the one conductivity 
type as the drain. 

Furthermore, the p-channel TFT 1216 (a third TFT of the one 
conductivity type) employs a reset signal line (Reset) as its gate, 
the positive power source line 1219 as its source, and the gate 
wiring 1218 as its drain. It should be noted that the ground power 
source line 1217 may be replaced with a negative power source line 
(which is a power source line for providing a voltage that causes 
a p-channel TFT, to be used as a switching element of a pixel, to 
be in the ON state). 

In this case , a channel width ( indicated as Wl ) of the p-channel 
TFT 1215 and a channel width (indicated as W2) of the p-channel 
TFT 1214 satisfy the relationship of Wl < W2 . The channel width 
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, refers to a length of a channel formation region measured in the 
direction perpendicular to a channel length. 

The buffer 1213a operates as follows. During a time period 
in which a positive voltage is being applied to the output line 
1211, the p-channel TFT 1214 is in the OFF state (i.e. , its channel 
is not formed) . On the other hand, since the p-channel TFT 1215 
is always in the ON state (i.e., its channel is formed), a voltage 
of the positive power source line 1219 is applied to the gate wiring 
1218 . 

On the other hand, in the case where a negative voltage is 
applied to the output line 1211, the p-channel TFT 1214 comes into 
the ON state. In this case, since the channel width of the p-channel 
TFT 1214 is wider than that of the p-channel TFT 1215, the electrical 
potential of the gate wiring 1218 is pulled by an output on the 
side of the p-channel TFT 1214, thereby resulting in the electrical 
potential of the ground power source line 1217 being applied to 
the gate wiring 1218. 

Accordingly, the gate wiring 1218 outputs a negative voltage 
(that causes the p-channel TFT, to be used as the switching element 
of the pixel, to be in the ON state) when a negative voltage is 
being applied onto the output line 1211, while always outputting 
a positive voltage (that causes the p-channel TFT, to be used as 
the switching element of the pixel, to be in the OFF state) when 
a positive voltage is being applied onto the output line 1211. 

The p-channel TFT 1216 is used as a reset switch for* forcing 
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the gate wiring 1218 , to which the negative voltage is being applied, 
to be pulled up to a positive voltage. Namely, after a selection 
period of the gate wiring 1218 is completed, a reset signal is input 
so that a positive voltage is applied to the gate wiring 1218. It 
should be noted that the p-channel TFT 1216 may be omitted. 

With the gate- side driver circuit that operates in the 
above -described manner, the gate wirings are sequentially selected. 
Then, the structure of a source-side driver circuit is shown in 
Fig. 30 . The source-side driver circuit as shown in Fig. 30 includes 
a decoder 1301, a latch 1302, and a buffer 1303. Since the decoder 
1301 and the buffer 1303 have the identical structures with those 
of the gate-side driver circuit, respectively, descriptions 
therefore are omitted here. 

In the case of the source-side driver circuit shown in Fig. 
30, the latch 1302 is composed of a first-stage latch 1304 and a 
second-stage latch 1305. Each of the first-stage latch 1304 and 
the second-stage latch 1305 includes a plurality of basic units 
1307 each composed of m p-channel TFTs 1306a to 1306c. An output 
line 1308 from the decoder 1301 is input to gates of the respective 
m p-channel TFTs 1306a to 1306c that form the basic unit 1307. It 
should be noted that the number m is any integer. 

For example, in the case of the VGA display, the number of 
the source wirings is 640. In the case where m=l, the number of 
the NAND circuits required to be provided is also 640, while 20 
selection lines ( corresponding to 10 bits ) are required to be provided. 
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On the other hand, however, when m=8, the number of the necessary 
NAND circuits is 80 and the number of the necessary selection lines 
is 14 (corresponding to 7 bits). Namely, assuming that the number 
of the source wirings is M, the number of necessary NAND circuits 
can be expressed as M/m. 

Sources of the p-channel TFTs 1306a to 1306c are connected 

to video signal lines (VI, V2 Vk) 1309, respectively. Namely, 

when a negative voltage is applied to an output line 1308, all of 
the p-channel TFTs 1306a to 1306c are simultaneously put into the 
ON state, so that video signals are taken into the corresponding 
p-channel TFTs 1306a to 1306c, respectively. The video signals thus 
taken in are retained in capacitors 1310a to 1310c, respectively, 
connected thereto. 

Furthermore, the second-stage latch 1305 also includes a 
plurality of basic units 1307b each composed of m p-channel TFTs 
1311a to 1311c. All of gates of the p-channel TFTs 1311a to 1311c 
are connected to a latch signal line 1312, so that when a negative 
voltage is applied to the latch signal line 1312 , all of the p-channel 
TFTs 1311a to 1311c are simultaneously turned on. 

As a result, the signals retained in the capacitors 1310a to 
1310c are then retained respectively in capacitors 1313a to 1313c 
connected to the p-channel TFTs 1311a to 1311c, and simultaneously 
output to the buffer 1303. Then, as described with reference to 
Fig. 30, those signals are output to the source wirings 1314 via 
the buffer. With the source- side driver circuit that operates in 
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the above-described manner, the source wirings are sequentially- 
selected . 

As described in the above, by composing the gate-side driver 
circuit and the source- side driver circuit only of the p-channel 
TFTs , all of the pixel sections and the driver circuits can be entirely 
formed of the p-channel TFTs. Accordingly, upon fabrication of an 
active-matrix type display device, a fabrication yield and a 
throughput of the TFT steps can be significantly improved, thereby 
resulting in a reduced fabrication cost. 

Embodiment 11 

The semiconductor device of the present invention can be 
applied to the display device of various kind of electronic devices 
and various integrated circuit, or circuit usage substituted for 
heretofore integrated circuit . The following can be given as examples 
of this type of semiconductor devices: a portable information 
terminal (such as an electronic diary, a mobile computer, and a 
portable telephone), a video camera, a still camera, a personal 
computer, a television and a projector. Examples of these are shown 
in Figs. 31 to 33. 

Fig. 31A is a portable telephone, and is composed of a display 
panel 2701, an operation panel 2702, a connection portion 2703. 
A display panel 2701 is composed of a display device 2704, a sound 
output portion 2705 and an antenna 2709. An operation panel 2702 
is composed of an operation key 2706, a power source switch 2702 
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and a sound input portion 2705. The present invention can form a 
display device 2704. 

Fig. 3 IB is a video camera, and is composed of a main body 
9101, a display device 9102, an audio input portion 9103, operation 
switches 9104, a battery 9105, and an image receiving portion 9106. 
The present invention can be applied to the display device 9102. 

Fig. 31C is a mobile computer, or a portable type information 
terminal, and is composed of a main body 9201, a camera portion 
9202, an image receiving portion 9203, operation switches 9204, 
and a display device 9205. The present invention can be applied 
to the display device 9205. Fig. 31D is a television, and is 
composed of components such as a main body 9401, speakers 9402, 
a display portion 9403, a signal receiving device 9404, and an 
amplifying device 9405. The present invention can be applied to 
the display portion 9403. 

Fig. 3 IE is a portable book, and is composed of a main body 
9501, a display device 9502 , 9503, a recording medium 9 504 , operation 
switches 9504, and an antenna 9506, and is used for displaying data 
recorded on a mini-disk (MD) or a DVD (digital versatile disc), 
and for displaying data received by the antenna. The present 
invention can be applied to the display device 9502, 9503 and a 
recording medium 9 504. 

Fig. 32A is a personal computer, and is composed of a main 
body 9601, an image input portion 9602, a display portion 9603, 
and a keyboard 9604. The present invention can be applied to the 



86 



display portion 9601 and various kinds of incorporated integrated 
circuit . 

Fig . 32B is a player using a recording medium on which a program 
is recorded (hereafter referred to as a recording medium), and is 
composed of amain body 9701 , a display device 9702 , a speaker portion 
9703, a recording medium 9704, and operation switches 9705. Note 
that media such as a DVD and a CD can be used as the recording medium 
for this device , and that the player can be used for music appreciation , 
film appreciation, games, and the Internet. The present invention 
can be applied to the display device 9702. 

Fig. 32C is a digital camera, and is composed of a main body 
9801, a display device 9802, an eyepiece portion 9803, operation 
switches 9804, and an image receiving portion (not shown in the 
figure) . The present invention can be applied to the display device 
9802. 

Fig. 33A is a front type projector, and is composed of a 
projecting apparatus 3601 and a screen 3602. The present invention 
can be applied to the projecting apparatus 3601 and ather signal 
control circuit. 

Fig. 33B is a rear type projector, and is composed of a main 
body 3701, a projecting apparatus 3702, a mirror 3703, and a screen 
3704. The present invention can be applied to the projecting 
apparatus 3702 and other signal control circuit. 

Note that an example of the structure of the projecting 
apparatuses 3601 and 3702 of Fig. 33A and Fig. 33B is shown in Fig. 
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33C. The projecting apparatuses 3601 and 3702 are composed of a 
light source optical system 3801, mirrors 3802 and 3804 to 3806, 
a dichroic mirror 3803 , a beam splitter 3807 , a liquid crystal display 
portion 3808 , a phase difference plate 3809 , and a projecting optical 
system 3810 . The projecting optical system 3810 is an optical system 
including a plurality of projecting lenses. A three plate type 
example is shown in Embodiment 11, but there are no particular 
limitations, and a single plate type may also be used, for example. 
Further, optical systems such as an optical lens, a film having 
a light polarizing function, a film for regulating the phase, and 
an IR film may be suitably placed in the optical path shown by the 
arrow in Fig. 33C by the operator. 

Furthermore, Fig. 33D is a diagram showing one example of the 
light source optical system 3801 in Fig. 33C. In Embodiment 11, 
the light source optical system 3801 is composed of a reflector 
3811, a light source 3812, lens arrays 3813 and 3814, a polarizing 
transformation element 3815, and a condenser lens 3816. Note that 
the light source optical system shown in Fig. 33D is one example, 
and the light source optical system is not particularly limited 
to the structure shown in the figure. For example, optical systems 
such as an optical lens, a film having a light polarizing function, 
a film for regulating the phase, and an IR film may be suitably 
added by the operator to the light source optical system. 

Though not shown in the figure, the present invention can 
be implemented when manufacturing a navigation system, a 
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refrigerator, an electronic washing machine, a micro waved oven, 
telephone etc . using the image display device . The applicable scope 
of the present invention of this specification is thus extremely 
wide , and the present invention can be implemented various electronic 
devices . 

Embodiment 12 

An example of gettering method is shown in Embodiment Mode 
3 in which a semiconductor film doped with phosphorus elements is 
used as a gettering site. In Embodiment 12, an example of another 
gettering method will be described below which uses as the gettering 
site a semiconductor film containing a noble gas element or a 
semiconductor film doped with a noble gas element. Gettering is 
generally known as a technique for lowering the impurity 
concentration in an active region of an element by segregation of 
a metal impurity element that has been taken into a semiconductor 
to a gettering site through some sort of energy. 

Hereinafter descriptions will be given with reference to 
Figs. 37A to 37E. First, a crystalline silicon film in which the 
ratio of the {101} plane orientation is high is obtained in accordance 
with Embodiment Mode 1 . 

Following Embodiment Mode 1, a substrate 2000 having an 
insulating surface is prepared. On the substrate 2000, a base 
insulating film 2001 is formed from an insulating film such as a 
silicon oxide film, a silicon nitride film, or a silicon oxynitride 
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film (SiO x N y ) . Usedhereas the substrate 2000 and the base insulating 
film 2001 are a glass substrate and a two-layer structure laminate. 
The laminate consists of a first silicon oxynitride film formed 
to a thickness of 50 to 100 nm using as reaction gas SiH 4 , NH 3 and 
N 2 0 and a second silicon oxynitride film formed to a thickness of 
100 to 150 nm using as reaction gas SiH 4 and N 2 0. A single layer 
of silicon nitride film is preferably used as the base insulating 
film 2001 . When a silicon nitride film is chosen , the base insulating 
film can have an effect of improving gettering efficiency in a later 
gettering step in addition to an effect of a blocking layer for 
preventing an alkaline metal contained in the glass substrate from 
diffusing into a semiconductor film to be formed later. During 
gettering, nickel tends to move toward a region having a high oxygen 
concentration, and hence to use a silicon nitride film as the base 
insulating film that is in contact with the semiconductor film is 
very effective. The base insulating film may have a laminate 
structure in which a silicon oxynitride film and a silicon nitride 
film are layered in order. Alternatively, it may take a three-layer 
structure in which a first silicon oxynitride film, a second silicon 
oxynitride film and a silicon nitride film are layered in order. 

Subsequently, an amorphous semiconductor film is formed on 
the base insulating film by plasma CVD , low pressure CVD or sputtering . 
The amorphous semiconductor film is then crystallized as shown in 
Embodiment Mode 1 to form a crystalline silicon film 2002 containing 
germanium. (Fig. 37A) 
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In this embodiment, an amorphous silicon film containing 
germanium is formed by plasma CVD, where SiH 4 gas and GeH 4 gas which 
is diluted by H 2 to 10% is introduced in a reaction chamber and 
decomposed through glow discharge to be deposited on the base 
insulating film 2001 . On the surface of the thus obtained amorphous 
silicon film containing germanium, a very thin oxide film is formed 
from an aqueous solution containing ozone. The oxide film is etched 
using a mixture of hydrofluoric acid and hydrogen peroxide to form 
a clean surface , and a very thin oxide film is again formed by treatment 
using an aqueous solution containing ozone. Thereafter, a nickel 
acetate solution containing 10 ppm of nickel by weight is applied 
to the entire surface by a spinner to form a nickel containing layer. 
Next , heat treatment is conducted at 500°C for an hour so that hydrogen 
is released from the amorphous silicon film containing germanium. 
Then the film is subjected to heat treatment at 550°C for four hours 
to crystallize the film . Note that , although the film is crystallized 
by heat treatment here, the crystallization may be achieved by 
irradiation with intense light emitted from a lamp light source. 
Examples of the lamp light source include a halogen lamp, a metal 
halide lamp, a xenon arc lamp, a carbon arc lamp, a high-pressure 
sodium lamp , and a high-pressure mercury lamp . If a lamp light source 
as given above is used, the lamp light source for heating is lit 
for 1 to 60 seconds, preferably 30 to 60 seconds, which is repeated 
1 to 10 times , preferably 2 to 6 times . The intensity of light emitted 
from the lamp light source is set at discretion but the light has 
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to heat up the semiconductor film instantly to 600 to 1000°C, 
preferably 650 to 750°C. Although the temperature is high, it only 
heats the semiconductor film in a minute and the substrate 2000 
itself is not deformed. 

Thus the amorphous silicon film containing germanium is 
crystallized and the crystalline silicon film 2002 containing 
germanium is obtained. 

Since nickel tends to move toward a region having a high 
oxygen concentration during the later gettering treatment, the 
crystalline silicon film 2002 containing germanium is desirably 
formed so as to have an oxygen concentration of 5 x 10 18 atoms /cm 3 
or less (by SIMS) . 

After the crystallization, the segregated metal element may 
be removed or reduced by an etchant containing hydrofluoric acid, 
such as diluted hydrofluoric acid or FPM (a mixture of hydrofluoric 
acid, hydro peroxide and pure water). When the surface is etched 
using an etchant containing hydrofluoric acid, the surface is 
desirably leveled by irradiating it with intense light from one 
of the above lamp light sources. 

Further irradiation of intense light may be perf ormed using 
laser light or intense light from a lamp light source after the 
above crystallization in order to improve the crystallinity . For 
the laser light, excimer laser light having a wavelength of 400 
nm or less, or the second harmonic or the third harmonic of a YAG 
laser can be used. The removal or reduction of the segregated metal 
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element by an etchant containing hydrofluoric acid may be conducted 
after this laser light irradiation or irradiation of intense light 
from a lamp light source in order to improve the crystallinity . 
Then the surface may be leveled by irradiating it with intense light 
from a lamp light source. 

Next , gettering treatment is conducted to remove the metal 
element in the crystalline silicon film 2002 containing germanium. 
First, a barrier layer 2003 is formed on the crystalline silicon 
film containing germanium. Formed as the barrier layer 2003 is a 
porous film through which the metal element (here, mainly nickel) 
can move to a gettering site but an etchant for use in the step 
of removing the gettering site cannot permeate. A chemical oxide 
film formed through treatment with ozone water, namely, a silicon 
oxide film (SiOx) is used here. In this specification, the film 
having the above property is particularly called a porous film. 
The barrier layer 2003 can be very thin, and it may be a naturally 
oxidized film or an oxide film obtained by generating ozone through 
irradiation of ultraviolet ray in an atmosphere containing oxygen. 

Next , a semiconductor film 2004 to function as the gettering 
site in the subsequent gettering treatment is formed on the barrier 
layer 2003. (Fig. 37B) The semiconductor film 2004 may be a 
semiconductor film having an amorphous structure which is formed 
by plasma CVD , reduced pressure CVD or sputtering , or a semiconductor 
film having a crystal structure . The thickness of the semiconductor 
film 2004 is set to 5 to 50 nm, preferably 10 to 20 nm. Since nickel 



93 



tends to move toward a region having a high oxygen concentration 
during the subsequent gettering treatment, the semiconductor film 
2004 is desirably formed so as to have an oxygen concentration of 
5 x 10 18 atoms/cm 3 or more, preferably 1 x 10 19 atoms/cm 3 or more 
(by SIMS) and improve the gettering efficiency. A semiconductor 
film formed under a condition that requires the presence of a noble 
gas element may also be used. 

Here a semiconductor film 2005 containing a noble gas element 
(the gettering site) is formed by forming the film through .plasma 
CVD or sputtering and then doping the film with a noble gas element 
through ion doping or ion implantation. (Fig. 37C) The 
semiconductor film here contains the noble gas element in a 
concentration of 1 x 10 20 to 5 x 10 21 atoms /cm 3 , preferably 1 x 10 20 
to 1 x 10 21 atoms/cm 3 . 

The noble gas element is one or more elements selected from 
the group consisting of He, Ne, Ar, Kr and Xe. These ions are 
accelerated by electric field and implanted in the semiconductor 
film, so that dangling bonds and lattice distortion are caused to 
form the gettering site. Of those, Ar is inexpensive and therefore 
desirable. The treatment time for doping of the noble gas element 
is short, about 1 or 2 minutes, yet the semiconductor film can be 
doped with a high concentration of noble gas element. Therefore, 
the throughput is remarkably improved compared with the gettering 
that uses phosphorus. 

In addition to the noble gas element , the semiconductor film 
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may be doped with one or more elements selected from the group 
consisting of H , H 2 , 0 , 0 2 and P . Doping using a plurality of elements 
provides synergetic effect for gettering . Though a noble gas element 
hardly diffuses, if the element used for doping in addition to the 
noble gas element easily diffuses , the semiconductor film containing 
the noble gas element is preferably formed rather thick so that 
the other element does not diffuse into the crystalline silicon 
film in heat treatment later. The barrier layer also has a function 
of preventing the other element from diffusing. 

Then the gettering is conducted through heat treatment or 
irradiation of intense light from a lamp light source. If the film 
is gettered by heat treatment, the film is heated in a nitrogen 
atmosphere at 450 to 800°C for one to twenty-four hours, for example, 
at 550°C for fourteen hours. If the gettering is performed by 
irradiation of intense light from a lamp light source, the lamp 
light source for heating is lit for 1 to 60 seconds, preferably 
30 to 60 seconds, which is repeated 1 to 10 times, preferably 2 
to 6 times . The intensity of light emitted from the lamp light source 
is set at discretion but the light has to heat up the semiconductor 
film instantly to 600 to 1000°C, preferably 700 to 750°C. The heat 
treatment and the irradiation of intense light from a lamp light 
source may be carried out simultaneously. 

Through the gettering, nickel moves in the direction 
indicated by the arrow in Fig. 3 7D ( longitudinal direction) to remove 
the metal element in the crystalline silicon film 2002 containing 
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germanium which is covered with the barrier layer 2003 or reduce 
the concentration of the metal element . Compared with the gettering 
that uses phosphorus, the gettering including doping of a noble 
gas element is very effective. Furthermore, the film can be doped 
with a high concentration of noble gas element, e.g., 1 x 10 20 to 
5 x 10 21 atoms/cm 3 , thereby making it possible to increase the dose 
of the metal element used for crystallization. By increasing the 
dose of the metal element used for crystallization , the time required 
for crystallization can further be cut short. If not changing the 
crystallization treatment time, the increase in dose of the metal 
element used for crystallization lowers the temperature required 
for crystallization. Moreover, generation of natural nuclei can 
be reduced and a crystalline semiconductor film of excellent quality 
can be f ormed by increasing the dose of the metal element used for 
crystallization . 

After the gettering treatment, the gettering site 2005 made 
of semiconductor film is removed by selective etching. The film 
may be etched by dry etching that uses C1F 3 but not plasma, or by 
wet etching that uses an alkaline solution such as an aqueous solution 
containing tetraethyl ammonium hydroxide (chemical formula: 
(CH 3 ) 4 NOH) . At this point, the barrier layer 2003 functions as an 
etching stopper. Then the barrier layer 2003 is removed using 
hydrofluoric acid . 

The obtained crystalline silicon film containing germanium 
is then etched to have a desired shape. Semiconductor films 2006 
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_ divided into island-like sections are thus formed. (Fig. 37E) 
Fig. 38 shows the results of measuring the concentration 
of the metal element (here, nickel) before and after the gettering 
treatment by total reflection X-ray fluorescence spectroscopy (TXRF) . 
TXRF is a measurement method in which an X-ray beam enters the film 
at a very small angle with respect to the film surface to detect 
a fluorescent X-ray emitted from impurities such as a metal element . 
TXRF provides information about the state of the film 3 to 5 nm 
deep from the surface , which can be used to estimate the concentration 
of nickel remaining in the crystalline silicon film. The detection 
sensibility is approximately 10 10 atoms/cm 2 . 

In Fig. 38, the axis of ordinates shows the concentration 
of nickel. A sample that does not receive the gettering treatment 
has remaining nickel of 5 x 10 12 (arbitrary unit) whereas samples 
that receive the gettering treatment have a smaller amount of nickel . 
Thus the graph shows that the nickel concentration in the crystalline 
semiconductor film is reduced by the gettering treatment down to 
1/100. Comparing the heat treatment temperature for the gettering 
treatment, heat treatment at 500°C can reduce nickel more than the 
heat treatment at 450°C. 

As to the subsequent steps, follow the corresponding steps 
of Embodiment 1 and then a TFT can be completed. The crystalline 
silicon film containing germanium in accordance with this embodiment 
is high in {101} orientation ratio and sufficiently low in 
concentration of the metal element within the film. Therefore, when 
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. used as an active layer of a TFT, the crystalline silicon film can 
provide the TFT with excellent electric characteristics. 

The example shown in this embodiment employs the 
crystallization of Embodiment Mode 1 . However, the crystallization 
method is not particularly limited and the film may be crystallized 
in accordance with Embodiment Mode 2 . 

The gettering treatment shown in Embodiment Mode 3 may be 
conducted in addition to the gettering treatment of this embodiment . 

An alternative gettering method may be employed in which 
nickel elements are sprayed on the base insulating film (e.g., a 
silicon nitride film) by sputtering, an amorphous silicon film 
containing germanium is formed, a barrier layer is formed, a 
semiconductor film containing a noble gas element is formed, and 
the amorphous silicon film is subjected to heat treatment or 
irradiation of intense light so that the crystallization and 
gettering are achieved simultaneously. 

This embodiment may be combined freely with any one of 
Embodiment s 1 through 11. 

Embodiment 13 

In the example of gettering method using phosphorus, which 
is shown in Embodiment Mode 3 , phosphorus may be replaced by a noble 
gas element . Embodiment 13 is identical with Embodiment Mode 3 except 
for conditions of the doping, and therefore detailed descriptions 
are omitted here. 
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In this embodiment, the crystalline silicon film obtained 
in accordance with Embodiment Mode 1 or Embodiment Mode 2 is 
selectively doped with a noble gas element. Here, the film is doped 
with argon by ion doping (with a dose of 5 x 10 15 atoms/cm 2 , for 
example) to form a region doped with argon (a gettering site) . The 
concentration of the noble gas element doped into the gettering 
site is desirably set to 1 x 10 20 to 5 x 10 21 atoms/cm 3 . 

After the gettering site is formed, the crystalline silicon 
film is subjected to heat treatment or irradiation of intense light 
from a lamp light source to reduce or remove the metal element in 
the film. 

This embodiment may be combined freely with any one of 
Embodiments 1 through 12. 

According to the present invention, an amorphous 
semiconductor film containing silicon as its main ingredient and 
germanium in equal to and more than 0.1 atomic percent and equal 
to and less than 10 atomic percent is doped with a metal element. 
The amorphous semiconductor film is then crystallized by heat 
treatment to form a crystalline semiconductor film. 20% or more 
of the crystalline semiconductor film is the {101} lattice plane 
that forms an angle of equal to or less than 10 degree with respect 
to the surface of the crystalline semiconductor film, the plane 
being detected by the EBSP method, 3% or less of the crystalline 
semiconductor film is the {001} lattice plane that forms an angle 
of equal to or less than 10 degree with respect to the surface of 
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. crystalline semiconductor film, and 5% or less of the crystalline 
semiconductor film is the {111} lattice plane that forms an angle 
of equal to or less than 10 degree with respect to the surface of 
crystalline semiconductor film . The crystalline semiconductor film 
can be used to form a channel formation region of a thin film 
transistor. 

A TFT formed from such a crystalline semiconductor film that 
is high in ratio of the {110} lattice plane orientation can be used 
as a TFT for manufacturing an active matrix liquid crystal display 
device or a display device whose pixel portion is composed of light 
emitting elements. The TFT according to the present invention can 
also be used as a TFT constituting a thin film integrated circuit 
that is to replace the conventional LSI formed from a semiconductor 
substrate. 
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